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1. Introduction  
 
The dynamics of polymer systems has attracted the interest of numerous 
investigations in the past becoming a very important topic not only from the 
scientific point of view but also from the industrial field looking for useful 
technological applications. Polymers, commonly called plastics, play an important 
role in our daily life since their simple processability linked to their low density and 
price make them the ideal material for a variety of applications such as in the 
alimentary, medical, electronic and car industries.  
 
Most polymers are classified as glass-forming systems due to the fact that their slow 
global dynamics on the one hand and their ‘chemical complexity’ on the other hand, 
often prevent the material crystallization, so they generally present amorphous 
structures. The glass transition phenomenon, i.e. the transformation between a 
deeply super-cooled liquid/melt and a glassy material has a kinetic nature, and for 
polymers it is directly related to the segmental dynamics. The polymer segmental 
dynamics is the responsible of the so-called α-relaxation. This is the most important 
relaxation process that takes place in amorphous polymers and although it has been 
extensively studied over the last decades, it has not been completely understood. 
Connectivity is a specific characteristic of polymers that play an important role on 
the segmental dynamics behavior not only in pure polymers but also in 
multicomponent polymer systems as polymer blends, block-copolymers, 
nanocomposites, ... 
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Due to the complexity that polymer systems present, a combination of different 
techniques covering a broad time/frequency range is required for the experimental 
study of the dynamics. Moreover, the direct relation between dynamics, 
thermodynamics and structure involve the use of other complementary experimental 
techniques accessing both thermal and structural properties, like Differential 
Scanning Calorimetry (DSC) and Small Angle Neutron Scattering (SANS), 
respectively. 
 
From the dynamical point of view, a fundamental experimental problem to 
understand the dynamics of multicomponent polymer systems is to find the way to 
separate the component responses contributing to the whole signal experimentally 
detected. This can be solved using potential selective experimental techniques 
depending on the component nature. In this way, Nuclear Magnetic Resonance 
(RMN) allows accessing to each of the components of the system whenever the 
resonance lines do not overlap. Neutron scattering methods require using selective 
deuteration. On the other hand, Broadband Dielectric Spectroscopy (BDS) enables 
resolving one of the contributions of two-component systems when the two 
components present very different dipole moments, being this methodology the one 
of the most used in previous investigations. Unfortunately, this limits the access to 
dynamic information about the other component.  
 
Other possibility to separate the two components contributions to the whole 
dynamics would be by using functionalized polymers. In fact, in the present work, 
this novel strategy based on the combination of functionalized polymers with BDS 
is presented to address such problem. Here, the dynamical behavior of 
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functionalized polymers “selectively” labeled, either at the end of the chain (chain-
end functionalized polymers) or in the middle of the chain (in-chain functionalized 
polymers), was studied using a combination of experimental techniques such as 
BDS, DSC and Rheology. The very similar overall properties obtained for the two 
in-chain functionalized polymers having a largely distinct dipole moment was the 
key point that allowed us to resolve the contribution of both components to the 
segmental dynamics in PS/PVME miscible polymer blends. 
 
This thesis work manuscript is organized as follows: 
 
- First we present in detail the general background, which will constitute the 
framework of the present investigation. 
- In the experimental section, we describe in detail the techniques used to produce 
the functionalized polystyrene polymers and samples preparation. Also the 
details of the techniques and instruments used for this investigation are 
presented. 
- Concerning the obtained results, we first present the detailed comparison 
between polystyrene (PS) functionalized either at the end of the chain or in the 
middle of the chain, which allowed us to evidence that the fluctuations of the 
functional group are sensitive to their location along the polymer chain. From 
these results we were able to select the most appropriate functionalization to be 
used when investigating the component dynamics in the blends with poly(vinyl 
mehtyl ether) (PVME).  
- The following chapter presents the results obtained for the blends using this new 
methodology also in comparison with those obtained in conventional polymer 
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PS/PVME blends. Thus, in addition of confirming the results obtained 
previously for PVME, we present new results on this component in PS rich 
blends and, for the first time, the resolved contribution of PS to the segmental 
dynamics on the blends. 
- Finally, in the last section we present the most important conclusions of the 
work. 
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2. Background 
2.1. Polymers 
2.1.1. General Concepts 
 
Polymers are structures of high molecular weights, which are composed of monomeric 
repeating units (between 100 and 10000 approximately) connected by covalent 
chemical bonds. They may exhibit a variety of architectures, i.e. linear, branched and 
network, depending on the structure of the monomer or monomers and on the 
polymerization methodology employed. The simplest form of a polymer molecule is a 
straight chain or linear polymer, composed of a single main chain formed by the same 
repeating unit. 
Among the different types of polymerization the “living anionic polymerization” (see 
Scheme 2.1.1.1.) is a type of addition polymerization which mechanism does not 
involve a termination reaction, being a remarkable feature to be taken into account.  The 
main advantages of this synthesis procedure concern a much more controlled manner in 
terms of the molecular weight and molecular weight distribution.  
 
Scheme 2.1.1.1. Mechanism of the anionic polymerization (Michael reaction) 
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However, even in the most controlled conditions, chains in a given polymer do not 
grow in the same way giving rise to a distribution of chain lengths and molecular 
weights [1
nM
]. Several quantities are used to characterize this distribution. The number-
average molecular weight ( ), which is related with the first moment of the 
distribution, is calculated as: 
 ii
iii
n N
MNM
Σ
Σ
=                                                                                                    [2.1.1.1.] 
being Ni the number of molecules with Mi
The weight-average molecular weight (
 molecular weight. 
wM ), which is related with the second moment 
of the distribution, is calculated as:  
 iii
iii
w MN
MNM
Σ
Σ
=
2
                                                                                                  [2.1.1.2.] 
From these two characteristic molecular weights the parameter commonly used to 
characterize the distribution width (see Figure 2.1.1.1.) is the polydispersity index 
(PDI). It is determined by dividing the weight-average molecular weight by the 
number-average molecular weight, i.e.  
 n
w
M
MPDI =                                                                                                           [2.1.1.3.] 
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Figure 2.1.1.1. Molecular weight distribution of a polymer. 
 
Therefore, a polymer is called polydisperse when there is a variation of molecular 
weights of the chain lengths over a wide range. On the contrary, a polymer is called 
monodisperse when it has a uniform size, shape and molecular weight and in this case 
wM ≈ nM giving  rise to a polydispersity index 
 
M w M n ≈1. The fact of being more or 
less polydisperse depends on the particular synthesis method used.  
Polymer properties are determined by its polymeric structure depending mainly on the 
chemistry of the repeating unit, the chain molecular weight and type, as well as the 
ending functional groups. In fact, in a polymer having a low molecular weight the effect 
of a functional end group in many properties is evident, while this effect decreases as 
molecular weight increases and any property appears to be approaching an asymptotic 
value [2, 3]. Such behavior is shown below for the glass transition temperature (Tg) of 
two typical linear polymers [4]:  
 8 
 
 
Figure 2.1.1.2. Tg/Tg,inf 
 (empty circles). T
as a function of molecular weight for PS (filled triangles) and PIB 
g,inf  
molecular weight, 373K for PS and 209.5K for PIB. 
is the glass-transition temperature of the polymer with infinite  
 
It is clear that the glass transition temperature (Tg) depends on the molecular weight. In 
fact, on decreasing the molecular weight, Mn, the concentration of chain-ends and the 
mobility increase, which gives rise to a decreasing in Tg. This fact was found to be well 
described by the so-called Fox-Flory equation [5
 
]: 
( ) ( )
n
gg M
KTMT −∞=                                                                                          [2.1.1.4.] 
where Tg(∞) is the Tg
 
 of the polymer with infinite molecular weight and K is a constant. 
 
 
 
 9 
 
2.1.2. Dynamical Processes in Polymers 
 
Although the characteristics of the dynamical processes in polymers have been 
investigated extensively over the last decades, this matter is not still completely 
resolved. This is because the study of the dynamics of a polymeric material is rather 
complicated due to the presence of extremely wide range of length scales, from the 
atomic level to the overall chain scale, and time scales, from picoseconds to hours or 
even years [6
In general, polymeric materials are characterized by a slow global dynamics giving rise 
to a practically non-existent or extremely slow crystallization. This is why most 
polymers show an amorphous behavior instead of a crystalline one. Hence, polymers 
usually behave as amorphous materials, which are structurally disordered, in the sense 
that they do not present a long-range order. The amorphous state is often characterized 
by the glass-transition temperature (T
]. This is primarily caused by the chain connectivity, which induces strong 
correlations between the structural units and, consequently, imposes restrictions in the 
local molecular motion as well as the overall diffusive behavior. In fact, the main 
characteristic dynamical processes are vibrations, side-group motions, secondary 
relaxations, segmental dynamical processes and terminal relaxations. 
g), which in the case of polymers refers to the 
temperature where the material goes from a rubbery/viscous-liquid state to a glassy 
state, and it can be associated to the ability of the polymer segments to move. In 
general, the glass transition is associated to the transformation of a liquid (at a 
temperature below the melting point, Tm) into a disordered solid. Consequently, at Tg 
the material goes from a super-cooled liquid to a metastable state of a glass, i.e an 
 10 
 
amorphous non-crystalline solid [6, 7
 
]. This phenomenon occurs when the cooling rate 
is fast compared to the processes restoring the thermodynamic equilibrium and the 
reorganization movements typical of the liquid cannot take place. On one hand, the 
glassy material behaves as a solid due to its deformation resistance, and on the other 
hand it is amorphous and resembles a liquid where there is no long range order between 
the structural units. Hence, this transition is characterized by a rather dramatic increase 
of the second order thermodynamic variables when the glass is heated. Nevertheless, it 
cannot be characterized as a real thermodynamic transition since the temperature at 
which it occurs depends on the cooling rate and the glassy state is not a state of 
thermodynamic equilibrium. 
Figure 2.1.2.1. Temperature dependence of the specific volumen (Vspecific) and its derivative 
(dVspecific
 
/dT). 
The glass transition is directly related to the so-called structural (or α-) relaxation, 
which is a process that not only takes place in polymers, but in all kind of glass-forming 
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materials. The α-relaxation is regarded as a cooperative process where the fluctuations 
of the molecules forming the “cage” around a target molecule cannot be independent 
from each other, i.e. the motion involves correlated steps with several molecules (e.g. 
segments, in the case of polymers) that results in complex dynamics. Nevertheless, this 
structural relaxation, being extensively studied over many years, is still not completely 
understood and it is considered as one of the main problems to solve in the area of 
physics [6, 8
In addition to the α-relaxation, there are other dynamical processes detected as 
secondary relaxations that can be observed in the glassy state, i.e. below the T
]. In the case of polymers interesting fundamental questions such as how 
cooperativity associated with the α-relaxation is affected by chain connectivity arise. 
Note that for polymeric systems the dynamics of the chain segments involve not only 
intermolecular but also intramolecular correlations. Related with this, other question 
still opened is how the dynamics of the chain-end groups are with respect to the inner 
segments of the chain. 
g, which 
are defined as β-relaxation, γ-relaxation, and so on. Below Tg polymer chains are 
frozen, and therefore these secondary relaxations cannot be assigned to the long range 
cooperative movements of the main chain as it occurs for the segmental relaxation. 
However, there are small movements at the molecular scale that still remain below Tg 
and therefore are clearly localized since the intermolecular correlations are frozen. They 
give rise to different loss peaks in the relaxation spectrum (see below), which appear at 
higher frequencies/lower temperatures than the main α-relaxation. The secondary 
relaxations are often interpreted as processes that comprise small rotations or vibrations 
of molecular subgroups not involving the whole molecule [9]. Nevertheless, Johari and 
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Goldstein [10
 
] characterized some of these processes as universal-like phenomena that 
could take place even in molecular glasses where the internal conformational changes 
are very unlikely. 
2.1.2.1. Relaxation Phenomena 
 
The basis of many experimental techniques employed to investigate the molecular 
dynamics, as those used here, is the “Fluctuation-Dissipation Theorem”, which states 
that when a weak perturbation is applied to a system in thermodynamic equilibrium, its 
response reflects the internal fluctuations without perturbation [11]. This principle is 
well applicable for relaxation techniques, which allow studying the polymer dynamics. 
For instance, with Broadband Dielectric Spectroscopy (BDS) we measure the dielectric 
properties of a medium as a function of frequency to extract information about the 
molecular mobility of a polymer since this technique is sensitive to the molecular dipole 
moment fluctuations. As it is illustrated in the scheme ( see Figure 2.1.2.1.1.) when an 
alternating voltage of very high frequency is applied, molecular dipoles are not able to 
follow the electric field variation and the dielectric permittivity parameter will be 
determined from the induced atomic and electronic material polarization. Reducing 
frequency dipoles are able to partially orientate with the electric field contributing to 
polarization, so the dielectric permittivity increases. Finally, dipoles will completely 
orientate with the electric field when the frequency is low enough. This situation gives 
rise to a low frequency plateau of the dielectric permittivity (static value). There is a 
range of frequencies where the dielectric permittivity increases and in this range we can 
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observe the presence of an associated energy dissipation process related to the frictional 
forzes acting on the dipoles, which is detected as a peak in the imaginary part of the 
dielectric permittivity, commonly called as “loss peak”. 
 
 
Figure 2.1.2.1.1. Scheme of the orientation of the dipole moments with an applied electric field E
r
 
showing the dielectric losses as a function of the time or frequency. 
  
The characteristic time corresponding to the molecular motions controls the orientation 
of the molecular dipoles and it can be conveniently determined from the reciprocal of 
the loss peak frequency. 
 
From an experimental point of view, the obtained quantity is the frequency dependent 
complex dielectric permittivity:  
 "'* εεε i−=                                                                                                      [2.1.2.1.1.] 
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where ε’ is the real permittivity, which is proportional to the energy stored reversibly in 
the system per period, and ε” is the imaginary permittivity, which is proportional to the 
energy dissipated per period (loss part). Both ε’ and ε” contain the same information 
since they are interrelated by the Kramers/Kronig-relations [12
 
]: 
( ) ( )∫
∞
∞ −
=−
0
22 ''
'"'2' ω
ωω
ωεω
π
εωε d                                                                       [2.1.2.1.2.] 
( ) ( ) '
'
''2"
0
22 ωωω
εωε
π
ωωε d∫
∞
∞
−
−
−=                                                                        [2.1.2.1.3.] 
For the case of ideal systems, i.e. systems with a unique time constant (τD), a relaxation 
process can be described through the so-called Debye equation [13
 
]:
 
( )
Diωτ
ε
εωε
+
∆
+= ∞
∗
1
                                                                                   [2.1.2.1.4.] 
where ω is the angular frequency of the alternating electric field, and ∆ε is the dielectric 
strength which can be written as 
 ∞−=∆ εεε s                                                                                                     [2.1.2.1.5.]  
where 
 
( )ωεε
ωτ
'lim
1〈〈
=s                                                                                                  [2.1.2.1.6.] 
and 
 
( )ωεε
ωτ
'lim
1〉〉∞
=                                                                                                  [2.1.2.1.7.] 
 
being therefore εs and ε∞, respectively, the low- and high-frequency permittivity 
limiting values. 
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τD
 
 (the Debye relaxation time) is straight forwardly related to the position of maximal 
loss by the following expression 
 
ωP =
1
τ D
                                                                                                           [2.1.2.1.8.] 
The Debye relaxation function shows a symmetric loss peak with a narrow width, being 
the full width at half maximum (FWHM) 1.14 decades [12] (see Figure 2.1.2.1.2.).  
 
 
Figure 2.1.2.1.2. Frequency dependence of the dielectric loss permittivity (ε“) for a Debye relaxation 
process. 
 
The Debye relaxation only considers a single relaxation time, in the time domain it 
therefore corresponds to a single exponential decay of the correlation function of the 
electric polarization Φ(t) [6]: 
 
( ) 





−=Φ
D
tt
τ
exp                                                                                             [2.1.2.1.9.] 
where t is the time. 
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However, usually this simple behavior is not found –rather the dynamics is somewhat 
spread on time or frequencies, i.e. the dynamics can be characterized by a distribution 
of relaxation times. In most materials the shape of the loss peak is rather asymmetric as 
well as much broader. This observation of non-Debye behavior has led to define several 
mathematical models in order to describe dielectric spectra. A general way to account 
for this behavior is to consider that the measured response arises as a simple 
superposition of Debye responses, i.e. assuming the existence of a continuous 
distribution of Debye relaxation times g(logτD
 
) instead of a single one. In this 
framework the relaxation function would be given as: 
( ) D
D
D di
g τ
ωτ
τεεωε log
1
1)(log*
+
∆+= ∫
+∞
∞−
∞          [2.1.2.1.10.] 
in the frequency domain, and 
 
( ) D
D
D d
tgt τ
τ
τ logexp)(log 











−=Φ ∫
+∞
∞−
                                                          [2.1.2.1.11.] 
in the time domain. Although these equations provide a correct mathematical 
description of the measured response the interpretation of the distribution function often 
has not a clear physical meaning. 
The non-Debye relaxation behavior has been attributed to the existence of cooperative 
regions having different sizes and relaxation times in agreement with the idea of a 
relaxation time distribution. However, in the context of the glass transition, other 
authors and some theories relate such behavior to the correlation between the different 
relaxing units, which would imply certain homogeneity of the dynamic behavior. 
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Nevertheless, as the dynamics of super-cooled liquids is not totally understood yet [7, 
14, 15, 16, 17, 18, 19, 20
Other alternative approach for accounting of the measured relaxation functions is by 
using simple mathematical equations able to describe the data. For the time domain 
relaxation, a useful model is the Kohlrausch-Williams-Watts (KWW) equation [
], this is still a matter of strong debate. 
6, 21, 
22, 23, 24, 25
( )














−=Φ
KWW
KWW
tt
β
τ
exp
]. The KWW function, also called the stretched exponential function, is 
used to describe the decay of the correlation function in many cases (from experiments 
as well as from theories and simulations), and is defined as 
                                                                               [2.1.2.1.12.] 
where βKWW is the so-called stretching parameter (0 〈 βKWW≤ 1), and τKWW
In the frequency domain there is not a simple mathematical expression corresponding to 
the equation [2.1.2.1.12], thus, other empirical functions are used which include the 
Cole-Cole equation [
 is the 
characteristic relaxation time. 
26 24], and Cole-Davidson equation [ , 27
25
] as well as the more 
versatile and general Havriliak Negami equation. The Havriliak Negami equation [ , 
28, 29, 30
 
] is the most general counterpart to the KWW function and is used to describe 
the asymmetry and broadness of the complex dielectric function by means of the 
following equation 
( )
( )( )γβωτ
εεωε
HNi+
∆
+= ∞
1
*                                                                       [2.1.2.1.13.] 
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where two new parameters such as β and γ (β, γ ≤ 1) describing the asymmetry and the 
broadness have been added. Debye equation is recovered when β = γ = 1. It should be 
noted that although this Havriliak Negami (HN) equation provides a value for the 
characteristic relaxation time (τHN
Pω
τ 1* =
), this value would depend on the details of the 
analysis procedure. Thus it is often preferred to characterize the relaxation by means of 
the peak relaxation time, i.e. that calculated as  . From the HN parameters 
this characteristic relaxation time τ* can be determined as 
ββ
γ
πγβ
γ
πβ
ττ
11
22
sin
22
sin* 





+




+
=
−
HN                                                      [2.1.2.1.14.] 
Moreover, from the HN equation [2.1.2.1.13.] an approximated value of the full-width-
half-maximum (fwhm) of the loss peak can be determined from the β and γ shape 
parameters [31
 
] as:
 
 
( )
γβγβ
γβ 563.0039.0058.1516.0, +++−=fwhm                                    [2.1.2.1.15.] 
Finally, some years ago the Alvarez-Alegría-Colmenero (AAC) function [24, 32
 
] was 
proposed as a modification of the conventional already mentioned Havriliak Negami 
function [2.1.2.1.13.] that corresponds well with the frequency domain counter part of 
the KWW function, so reducing the number of free parameters involved. In fact,  the 
AAC function is a variation of the conventional Havriliak Negami equation where the β 
and γ shape parameters are related in the following way: 
( ) 387.018121.01 βγ −−=                                                                                 [2.1.2.1.16.] 
and the corresponding KWW parameters are [33]: 
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 ( )( )
23.1
1
βγββ ⋅=KWW                                                                                      [2.1.2.1.17.] 
 ( ) ( )ββττ 3exp16.2loglog
5.0 −⋅−⋅−= HNKWW                                               [2.1.2.1.18.] 
The main dielectric relaxation process in most polymers is the α–relaxation which, as 
already mentioned, is considered a cooperative process involving segmental motions, 
thus subjected to interactions of both intra- and intermolecular nature. The temperature 
dependence of the α-relaxation is different from the more usual Arrhenius law
 
 
 
logτ = logτ 0 +
EA
R T
loge                                                                                [2.1.2.1.19.] 
where τ0 is a preexponential factor, R is the gas constant, and EA is the activation 
energy related to rotational barriers. Contrary, the experimental temperature 
dependence of the characteristic α–relaxation time used to be well described by a 
Vogel-Fulcher-Tamman (VFT) equation [34, 35
 
] 
 
logτ = logτ 0 +
B
T − T0
                                                                                     [2.1.2.1.20.] 
where τ0 use to be close to the reciprocal of an attempt frequency (τ0 =10-11-10-13 s), B is 
an energetic parameter and T0 is the so-called ideal glass transition or Vogel 
temperature, which typically takes a value of 30-70 K below the experimental Tg. Note 
that τ→∞ when T→T0
In glass-forming systems, fragility determines how quickly the dynamics of a given 
material slow down as it is cooled towards the glass transition. This can be understood 
by looking at Figure 2.1.2.1.3. where two different trends can be distinguished 
depending on the relaxation time  temperature dependence. 
 (see Figure 2.3.3.). 
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Figure 2.1.2.1.3. Fragility representation.  
 
If it deviates from the Arrhenius behavior [36
18
] the glass-former presents a high fragility 
and it is called “fragile”, whereas that obeying the Arrhenius behavior exhibits a low 
fragility and it is called “strong” [ ]. 
The most common definition of fragility characterizes the slope of the relaxation time 
with temperature as Tg
 
 is approached from above: 
gTT
g
T
Td
dm
=


















=
τlog                                                                                         [2.1.2.1.21.] 
where “m” is the fragility index. 
On the other hand, fragility can be also characterized from the B and T0
 
 Vogel-Fulcher-
Tamman (VFT) parameters as 
0T
BD =                                                                                                             [2.1.2.1.22.] 
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where “D” is a fragility parameter [37, 38
 
]. Hence, the most fragile glass-forming 
systems are those presenting small “D” values. 
Equivalent to the above VFT equation [2.1.2.1.20.], Williams-Landel-Ferry law (WLF) 
[39
 
] is usually used in the polymer field, often to describe the viscosity (η) temperature 
dependence:  
( )
( )
g
g
g TTC
TT
C
T
−+
−−
+=
2
1
3.2loglog ηη                                                                    [2.1.2.1.23.] 
where C1 and C2 are the so-called William-Landel-Ferry parameters that for a polymer 
commonly take values of around 17 and 50 K, respectively [40]. 
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Figure 2.1.2.1.4. Comparison of the characteristic relaxation time temperature 
 dependence for the different relaxation processes. 
 
As already mentioned, many systems exhibit local molecular mobility below Tg, 
which results in several secondary relaxations where the molecular mechanisms 
have an intramolecular character in many cases. A general view consists of 
attributing such secondary dielectric relaxation to localized rotational fluctuations of 
the dipole vector, which may be due to local conformational rearrangements. The 
temperature dependence of the time scale for the secondary relaxations is usually 
well described by an Arrhenius law [2.1.2.1.19.]. In many cases this temperature 
dependence seems to indicate a merging of the secondary and the α-relaxations (see 
Figure 2.1.2.1.4.) giving rise to a unique relaxation process, sometimes referred to 
as αβ-relaxation.  
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When compared, the shapes of the α and the secondary relaxation functions present 
some similarities as well as some differences. The common feature refers to the fact 
that the width of the loss peak, which for the secondary relaxation increases 
dramatically when the temperature decreases, although in the α-relaxation case this 
is less dramatic, being the width of the secondary relaxation much larger mainly at 
low temperatures (see Figure 2.1.2.1.5.). With regard to the asymmetry, the α-loss 
peak use to be markedly asymmetric whereas the secondary relaxation loss peak is 
rather symmetric. 
 
Figure 2.1.2.1.5. Comparison of the loss peak for the α-relaxation and the secondary relaxation 
processes. 
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2.2. Polymer Blends 
 
Polymer blends are formed when at least two components are mixed together to 
create a new polymeric structure with different physical properties. In this way, 
blending of polymers allows the creation of new materials combining the properties 
of the polymers involved. As the synthesis of new polymers implies many 
difficulties, blending the existing polymers to optimize their end-use has been found 
to be a more successful methodology, turning the study of the polymer blends in 
general (and its dynamics in particular) into a very important topic.  
There are three major types of polymer blends: 
• Inmiscible polymer blends (heterogeneous polymer blends): Mixtures that 
are phase-separated due to the repulsive interaction between the components. 
They exhibit two different glass-transition temperatures attributed to each of 
the pure polymers. Most polymer blends belong to this group. 
• Partially miscible polymer blends: Mixtures that are phase-separated 
exhibiting two different glass-transition temperatures intermediate between 
the pure polymers. 
• Miscible polymer blends (homogeneous polymer blends): Mixtures that are 
presented as single-phase structures. They exhibit a (broad) glass-transition 
temperature range intermediate between those of the pure polymers. 
 
In particular, for this work the attention has been focused on miscible polymer 
blends, which are mixtures composed of two different thermodynamically miscible 
polymers, i. e., a two component system mixed at the molecular level. 
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Most of the works in miscible polymer blends have been focused on the 
investigation from the thermodynamical point of view by studying the miscibility 
conditions and phase diagram. Also the dynamics of polymer blends has been 
extensively studied during last years [33, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 
74, 75, 76, 77, 78, 79, 80, 81,  82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 
95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 
112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127
 
]. 
2.2.1. Thermodynamics 
 
The thermodynamic condition for a binary system to be miscible can be define in 
terms of the Gibbs free energy of the blend (Gm) and its composition and 
temperature dependence [128, 129, 130]. First, a system will be miscible when the 
variation of the Gibbs free energy (∆Gm
 
) is negative: 
0〈∆ mG                                                                                                          [2.2.1.1.] 
However, this condition is not enough since miscibility also depends on how G 
varies with composition. Hence, a second condition is established to avoid phase 
separation: 
 
0
,
2
2
〉





∂
∆∂
PTi
mG
φ
                                                                                            [2.2.1.2.] 
where φi
The Gibbs free energy variation (∆G
 is the volume fraction for each component forming the blend. 
m
 
) is composed by enthalpic and entropic 
contributions: 
mmm STHG ∆⋅−∆=∆                                                                                   [2.2.1.3.] 
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where ∆Hm and ∆Sm
The theory of Flory-Huggins [
 are the enthalpy and the entropy of mixing, respectively. 
131
 
] define the entropy of mixing as: 
( )BBAAAv nnKN φφ lnlnSm +−=∆                                                         [2.2.1.4.] 
where NAV
On the other hand, applying the concept of regular solutions and assuming all pair 
interactions, the enthalpy of mixing can be defined as: 
 is the Avogadro’s constant, K is the Boltzmann’s constant, n refers to the 
number of moles and φ is the volume fraction, being A and B the two components 
forming the system. 
 BAAvm TKNH φφχ=∆                                                                             [2.2.1.5.] 
where χ refers to the so-called Flory-Huggins binary interaction parameter. 
Hence, for a binary system the expression obtained previously for the Gibbs free 
energy variation (∆Gm
 
) [2.2.1.3.] can be rewritten as: 
( ) ( )[ ]BBAABAAvm nnTKNG φφφφχ lnln ++=∆                                      [2.2.1.6.]  
where the first term refers to the enthalpic contribution and the second to the 
entropic contribution. 
From this expression we can deduce that for polymers having very high molecular 
weights the entropic contribution becomes very small (low “n” values) and the 
miscibility or inmiscibility of the binary system mainly depends on the enthalpic 
contribution. Therefore, for high molecular weights miscibility can only be achieved 
when the Flory-Huggins interaction parameter (χ) is negative. 
Nevertheless, polymer blends do not present the ideal thermodynamic behavior 
typical of the binary systems due to the macromolecular character of their 
components and the molecular weights distributions. In fact, a polymer blend 
exhibits a phase diagram separation, i.e. it can present one or two phases depending 
on the temperature range.  
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The phase diagrams more representative are the so-called LCST (Lower Critical 
Solution Temperature) and UCST (Upper Critical Solution Temperature) phase 
diagrams. In the LCST phase diagram it can be observed that a monophasic miscible 
system separates into two phases as temperature increases. However, below the LCST 
the system will remain as monophasic independently on the composition. Contrary, in 
the UCST phase diagram, by heating we go from a two phase system (inmiscible) 
towards a single phase system. 
Figure 2.2.1.1. shows a schematic representation of both types of phase diagrams. 
 
Figure 2.2.1.1. Phase diagram of a binary polymeric system. 
 
On the other hand, the interaction parameter of Flory-Huggins (χ) can be determined 
also in miscible blends by measuring concentrations fluctuations using scattering 
techniques. For that, a miscible polymer blend is supposed to be at equilibrium having 
an average composition of A monomers (φ). In a small volume formed by “n” total 
monomers with nA = nφ A monomers, a small fluctuation in composition (δφ) can take 
place spontaneously at equilibrium: 
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 ⋅−≡ φφδφ                                                                                                           [2.2.1.7.] 
In fact, it can be interpreted as an exchange of A and B monomers since there is a 
transfer of  A monomers (δnA
 
) to this small volume that occurs simultaneously than a 
transfer of the same quantity of B monomers out of the small volume: 
⋅= δφδ nnA                                                                                                           [2.2.1.8.] 
Hence, the free energy of mixing in this small volume (∆Gm
 
) can be written in terms of 
the number of monomers exchanged defining its derivative as the exchange chemical 
potential: 
( ) AA
mmm n
n
Gn
n
GG
δδφ
φ
δφ
φ ∂
∆∂
=
∂
∆∂
=
∂
∆∂
                                                             [2.2.1.9.] 
Therefore, the free energy change (δG) resulting from such fluctuation is the sum of the 
free energy change in the small volume and that of the rest of the blend. It should be 
noted that as the free energy change is of the order of the thermal energy (δG ≈ kT) the 
mean-squared composition fluctuation can be written as:  
 
( )
1
2
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

∂
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≈
φφ
δφ mm G
n
kTGkT                                                  [2.2.1.10.] 
where mG∆  refers to the free energy of mixing per site. From this expression it can be 
deduced that thermally-driven concentration fluctuations decrease as volume increases. 
The regime where the study has been focused is that of small wavevector (q < 1/R) that 
is called “Intermolecular regime” and is controlled by concentration fluctuations as a 
consequence of the difference in the number of chains in a given volume 1/q3. 
Assuming that there are no interactions between the chains, the scattering function can 
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be defined as the mean-square fluctuation in the number of monomers in the volume 
1/q3 normalized by the number of monomers nq
 
 in such volume: 
( )
( )
q
q
n
n
qS
2δ
=                                                                                                  [2.2.1.11.] 
And by applying equation [2.2.1.8.] the above expression can be rewritten as: 
 
( )
( )
( )2
2
δφ
δ
n
n
n
qS
A
==                                                                               [2.2.1.12.] 
The scattering function (S(q)) saturates at small values of the wavevector (q) because 
( ) n1
2 ≈δφ  . The scattering function when the wavevector tends to zero (S(0)) is 
given through  the fluctuation dissipation theorem in statistical physics and gives: 
 
( )
1
2
2
0
−
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



∂
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=
φ
mGkTS                                                                                    [2.2.1.13.] 
being related with the second derivative of the free energy of mixing.  
By applying the theory of Flory-Huggins in the general case of an asymmetric blend:  
 ( )
02
1
11
2
2
=





−
−
+=
∂
∂ χ
φφφ BA
m
NN
kTG                                                     [2.2.1.14.] 
we obtain the following expression that enables determining the interaction parameter 
of Flory-Huggins (χ): 
 ( ) ( )
χ
φφφ
2
1
111
0
1
2
2
−
−
+=
∂
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=
BA
m
NN
G
kTS
                                              [2.2.1.15.] 
It should be noted that the Random-Phase-Approximation (RPA) [132] is a mean-field 
model and extends the above equation to non-zero wavevectors (q) using the form 
factor of an ideal chain P(q, N):  
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 ( ) ( ) ( ) ( )
χ
φφ
2
,1
1
,
11
−
−
+=
BBAA NqPNNqPNqS
                                         [2.2.1.16.] 
However, it fails at the equilibrium and a more general model called “Ornstein-
Zernike” [133
 
] that is in function of the correlations that exponentially decay can be 
used. 
2.2.2. Dynamics in Polymer Blends 
 
The most extended criterion for polymer miscibility establishes that a miscible polymer 
blend exhibits a unique glass-transition temperature. Whereas for homopolymers a 
rather abrupt step in the heat capacity is observed by e.g., Differential Scanning 
Calorimetry (DSC), for polymer blends usually a monotonous increase extending over a 
broad temperature range in the interval between the two Tg’s of the pure polymers is 
observed. Due to this broad glass-transition observed for blends [134, 135, 136], an 
average glass-transition temperature <Tg
Dynamics in polymer blends is a very important topic and it has been widely 
investigated over the past years. Different experimental techniques, like Differential 
Scanning Calorimetry (DSC), Dielectric Spectroscopy (DS), Nuclear Magnetic 
Resonance (NMR) and Neutron Scattering have been used to analyze the dynamics of 
miscible polymer blends. All these investigations reflect not only a markedly 
broadening of the dynamic response compared to that of the pure components as 
temperature decreases, but also a dynamic heterogeneity. A system is called as 
> is usually determined from its midpoint 
although this concept has been critically revised. 
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“dynamically heterogeneous” when two different mean relaxation times (τ*) are 
observed, each of them corresponding to the dynamics of each component modified by 
blending. Therefore, despite these blends seem to be well-mixed at the molecular level, 
the components in the blend exhibit different dynamical behavior, which is reflected in 
two distinct relaxation times with different temperature dependences [137, 138, 139
Trying to explain both effects, the broadening of the relaxation function and the 
dynamic heterogeneity, two basic theoretical models have been proposed assuming that 
the dynamics of one of the blend components is determined by the neighbours located 
in a finite volume centered on it: 
]. 
On the contrary, a system is called as “dynamically homogeneous” when only a single 
relaxation time (τ*) is detected for the segmental dynamic relaxation (α-relaxation), 
which, as aforementioned, is related with the glass transition phenomenon. 
 
Models based on thermally driven concentration fluctuations (TCF). These models 
postulate that the thermally driven concentration fluctuations are relevant to calculate 
the local composition of a blend in a volume V around a segment “i” (φi). The idea of 
these models is that the local concentration fluctuations are quasi-stationary near Tg 
since their average relaxation time is much longer than that of the α–relaxation. 
Therefore, the sample can be considered as divided into subcells of size V, each of them 
having a given local composition (φi) as well as a local Tg ( )igig TT φ= ( ). This fact 
leads to think about a distribution of local concentrations all over the blend that gives 
rise to a distribution of characteristic relaxation times concerning the α–relaxation. All 
this allows understanding the temperature dependence broadening observed for the 
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relaxation function of each component in the blend compared to that of the pure 
component. Fischer and co-workers [140, 141] postulated the first model concerning 
this idea, which gave a quantitative description of this α–relaxation broadening in 
various miscible blends. This model was improved by Kumar et al. [142, 143, 144, 
145, 146, 147
Roland and Ngai [
] who were able to describe also the two different characteristic relaxation 
times of the components in the blend. 
148, 149, 150, 151, 152, 153, 154] created a model for the blends 
based on the Coupling Model ideas [155, 156, 157, 158, 159, 160, 161
Summarizing, these models are able to describe the relaxation function broadening as 
temperature decreases towards
]. Here the local 
concentration allows determining the coupling parameter as well as the relaxation 
function shape. As a consequence one obtains a distribution of coupling parameters that 
gives rise to a distribution of relaxation times using the Coupling Model equation, 
where both the coupling parameter and the α–relaxation time are correlated. 
〉〈 gT . Nevertheless, they fail in some aspects: the size of 
the relevant volume V that increases too much on approaching 〉〈 gT  and the 
impossibility to explain the presence of two different characteristic relaxation times for 
the components in the blend (dynamic heterogeneity) at T » Tg
 
 where it is observed that 
the pure polymer and the corresponding component in the blend can behave very 
similar being practically indistinguishable. 
Models based on self-concentration (SC). These models consider that the dynamic 
heterogeneity is mainly determined from the chain connectivity effect [162, 163]. 
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Due to the limitation of the models based on Thermally Concentration Fluctuations 
(TCF) Chung et al. introduced the “effective concentration” term [162, 164]. The idea 
is that assuming a blend composed of two polymers A and B, the local concentration 
around a segment of polymer A will be always richer in this component compared to the 
bulk composition due to chain connectivity. Then, two different “effective” glass-
transitions (Tgeff
Lodge and McLeish (LML) [
) are defined for both components in the blend, which at the same time 
imply different relaxation times. 
163] proposed a model where the effective concentration 
in a volume V around a given segment of polymer A is defined as: 
( ) 〉〈−+= φφφφ ASASAeff 1   [2.2.2.1.]
 
where ASφ is the self-concentration of component A in the blend and 〉〈φ  is the 
macroscopic composition of the blend.  In the original work the self-concentration was 
calculated in a cubic volume of side equal to the Kuhn length [ 3, kk lVl ≈≈ξ  ] and 
therefore can be determined a priori. This implies the assumption that at Tg
However, the most commonly used method is to consider it as a parameter, which can 
vary with several factors as temperature, blend components, etc. 
 the α-
relaxation relevant length scale is of the order of the Kuhn length. 
In this approach, the effective glass-transition of component A in the blend is calculated 
by the following expression: 
( ) A
eff
g
A
geff TT φφφ =〉〈=  
[2.2.2.2.]
 
where 〉〈 gT is the average glass-transition, which depends on concentration, i.e. that 
determined by DSC for instance. 
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 Apart from this self-concentration concept, this model takes the composition of a 
volume V as the macroscopic one. All this reflects that only the characteristic relaxation 
times of each of the blend components are taken into account leaving the distribution of 
relaxation times concept aside. 
Summarizing, these models allow describing the relaxation function dynamic 
heterogeneity as well as determining an effective glass-transition (Tgeff
In conclusion, both families of models seem to be complementary. Thus, some attemps 
of combining both approaches have been made, namely [
) for each of the 
components in the blend. 
83, 165
 
]. Nevertheless, there is 
not a completely satisfactory model for accounting the complex dynamical behavior of 
miscible polymer blends yet.  
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3. Experimental Section 
3.1.  Synthesis of Functionalized Polymers 
3.1.1.      Synthesis Methodology 
 
All the functionalized polymers used for this thesis work have been synthesized by the 
group of Professor Roderic P. Quirk of the University of Akron in USA.  
The synthesis technique used to produce the functionalized polymers investigated here 
consisted of combining living anionic polymerization with transition metal-catalyzed 
hydroxylation reaction, which allows the addition of several polar groups of varying 
polarities precisely placed via a silyl hydride functionality. The resulting product was a 
well-defined and pre-determined polymer designed with high precision in the position 
of the functional groups, and the molecular weight. 
Scheme 3.1.1.1. shows the overall polymer synthesis in detail followed for the chain-
end and in-chain functionalized polystyrenes. 
a)  
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H O 
 
b)  
 
X =           O     ,            N   ,         O         ,         O          ,         H 
 
Scheme 3.1.1.1.  Methodology for the synthesis of chain-end functionalized polymers (a) and in-chain 
functionalized polymers (b) 
 
where we can distinguish two steps. First, the termination of the living 
poly(styryl)lithium with chlorodimethylsilane gives rise to the chain-end or in-chain 
silyl hydride-functionalized polystyrene, depicted in Scheme 3.1.1.1. a) and b) , 
respectively. 
This can then react with a large variety of substituted alkenes in order to achieve the 
desired chain-end or in-chain functionalized polystyrene, i.e. when one functional group 
is added at the end or in the middle of the chain, respectively. 
Using this method it was possible to synthesize chain-end and in-chain functionalized 
polymers where the functional group is the only variable [1, 2, 3]. The polymer selected 
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here was polystyrene mainly due to its weak dielectric relaxation and its well-known 
properties. This work was focused on the study of the H/CN pair of functionalized PS, 
which are found to provide a very similar overall dynamical behavior [4, 5
Table 3.1.1.1. shows the different PS samples used for the study with their 
corresponding characteristics.  
]. 
polymer  Mn M [g/mol] w /Mn 
PS-H 2k 2200 1.05 
PS-CN 2k 2200 1.05 
PS-H 4k 4200 1.04 
PS-CN 4k 4200 1.04 
PS-H-PS 2k 2300 1.02 
 PS-CN-PS 2k 2300 1.02 
PS-H-PS 4k 4100 1.05 
 PS-CN-PS 4k 4100 1.05 
PVME 74000 1.49 
 
Table 3.1.1.1. Molecular weights and the polydispersity indexes of the investigated polymers. 
  
3.1.2.      Stabilization, Cleaning and Characterization of   
      Samples 
 
In general, cleaning procedure has been critical in order to remove any impurities from 
the samples. First, the Karstedt’s catalyst (in ppm amounts) used in the hydrosilation 
reaction was carefully removed by extraction of the hydrocarbon reaction solution with 
water, filtration through an activated silica gel column and treatment for 24 h with 
QuadraPure® TU, which is an effective scavenger of platinum (ref Aldrich Catalog).  
All of the chain-end and in-chain functionalized polymers were prepared from the same 
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batch of silyl hydride-functionalized polymer and were characterized by FTIR (Fourier 
Transform Infrared Spectroscopy), 13C and 1H NMR (Nuclear Magnetic Resonance 
Spectroscopy) spectroscopy and MALDI-TOF (Matrix-Assisted Laser 
Desorption/Ionization- Time-Of-Flight) mass spectrometry. Furthermore, before the 
experiments, those samples having the lowest molecular weight (2000 g/mol) were 
dried in the oven at 403 K for 24 h, while the samples having a larger molecular weight 
(4000 g/mol) were dried in the oven at 413 K for more than 24 h. Furthermore, in the 
case of 4 kg/mol samples a problem of stabilization was detected during the 
experiments, which was the reason of carrying out another type of procedure for solvent 
removal and purification. These chain-end 4 kg/mol samples were first dissolved in 
benzene and subsequently precipitated in methanol. This methodology was found useful 
to extract the residual components from the samples. Then, the samples were placed in 
a vacuum oven at room temperature overnight and heated at 413 K for a period of 24 h, 
under reduced pressure. After this heating period, the samples were allowed to cool to 
room temperature over a period of at least 12 h prior to exposure to the atmosphere, 
which was shown a way to avoid any sample decomposition detectable by 1
 
H NMR 
spectroscopy and DSC. 
 
 
 
 
 
49 
 
3.2. Preparation of PS/PVME Blends 
 
For the preparation of the polymer blends 2k protonated and deuterated in-chain 
functionalized polystyrenes (PS-X-PS and dPS-X-PS, respectively) were synthesized. 
They were mixed with a (protonated) commercial poly(vinyl methyl ether) (PVME) 
obtained from Sigma Aldrich to prepare the PS/PVME miscible blends. Such 
commercial PVME was also characterized by Size Exclusion Cromatography (SEC or 
GPC) and the obtained parameters are given in Table 3.1.1.1.  
 
Three polymer blend concentrations, containing 75% PS and 25% PVME (PS/PVME 
75/25), 50% PS and 50% PVME (PS/PVME 50/50) and 25% PS and 75% PVME 
(PS/PVME 25/75) were prepared by dissolving the two components in toluene and by 
evaporating with an Argon (Ar) current. In the case of samples used for dielectric and 
calorimetric measurements, casting was carried out directly on the electrodes used for 
BDS measurements. The polymer blends were maintained at 353 K under vacuum 
conditions for 48 h to remove the solvent completely. In the case of deuterated samples 
used for Small Angle Neutron Scattering (SANS) measurements an analogue procedure 
was followed although here blend films were directly prepared on the hellma cells.  
The miscibility of the investigated polymer blends was checked by microscopic 
techniques and it was found that they were miscible without problems when looking for 
phase separation. In fact, phase separation was not detected likely because PS molecular 
weights were significantly small. 
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3.3. Experimental Techniques 
 
The main idea of our approach is to use the polymer functionalization as a route for the 
investigation of the dynamics of selective molecular groups. The study has been done 
using a combination of techniques such as Broadband Dielectric Spectroscopy (BDS), 
Rheology and Differential Scanning Calorimetry (DSC), since Rheology and 
Differential Scanning Calorimetry are sensitive to the overall dynamical properties 
whereas Broad-band Dielectric Spectroscopy is selective to dipole moment fluctuations. 
Structural features of the blends were characterized by means of Small Angle Neutron 
Scattering (SANS) experiments. 
 
3.3.1. Broad-band Dielectric Spectroscopy (BDS)  
 
Dielectric spectroscopy technique is used as a tool to study relaxation processes, which 
are caused by the rotational fluctuations of molecular dipoles. Therefore, this type of 
measurement will provide us with selective information about the dynamical processes 
accessing to a characteristic part of a molecule or system. 
The technique is based on the application of an external field E
r
to the sample, so the 
molecular dipole system is weakly perturbed from the equilibrium until the field is 
removed [6]. Once it takes place, the dipole system is able to return to the equilibrium 
supplying information concerning the spontaneous fluctuations in the system. This 
technique is usually implemented by measuring the dielectric properties of a medium as 
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a function of the frequency of the external oscillating field. However, it offers also the 
possibility of studying the system response in the time domain. 
The typical experiment (the one used by us) would consist in using the sample as the 
insulator of a parallel plate capacitor: 
 
Figure 3.3.1.1. Scheme of the methodology used to measure the molecular motions by means of Dielectric 
Spectroscopy. 
 
Since the capacitor is subjected to a sinusoidal voltage the responding current oscillates, 
after a few cycles, with the same frequency than that of the voltage, but with a phase 
shift as it is shown in Figure 3.3.1.2. 
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Figure 3.3.1.2. The time dependence of the voltage and the current functions. 
The resulting time dependent functions would be:  
 ( ) ( ) ( ) maxmax *cos VVtVtV =⇒= ωω                                                                    [3.3.1.1.] 
 ( ) ( ) ( ) δδωδω
δ sincos*cos maxmaxmaxmax IiIeIItItI
i −==⇒−= −           [3.3.1.2.]
 
where the * refers to the complex character of the quantity and i is the imaginary number 
(i2
 
 = -1). 
For a capacitor filled with a given material the relative complex dielectric permittivity is 
calculated as: 
 
( ) ( ) ( ) ( )
0
*"'*
C
Ci ωωεωεωε =−=                                                                         [3.3.1.3.] 
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where C* is the complex capacitance of the measured system and C0
 
 is the capacitance 
of the same arrangement without the sample. In this way, the dielectric permittivity is  
directly related with the capacitance, which at the same time is inversely related with the 
impedance (Z*) by 
 
C * ω( ) = i
ω Z * ω( )
= i
I * ω( )
ω V * ω( )                                                                          [3.3.1.4.] 
where I* is the measured current, V* is the applied voltage and ω its angular frequency.  
 
The basic measuring principle is shown below 
 
       a)  
 
                                   b)  
Figure 3.3.1.3. Scheme of a Fourier Correlation analyzer (a) and Scheme of a dielectric converter in the 
low-frequency range with electrometer amplifier and variable reference capacitor (b). 
 
where a sinusoidal voltage V1 πω 2=f(t) with frequency  is applied to the sample by 
means of a generator (see Figure 3.3.1.3.a). The resistor R converts the sample current 
Is(t) into a voltage V2(t). Then, both voltages, V1(t) and V2
( )ω*1V
(t), are analyzed with respect 
to the amplitudes and phases of their harmonic Fourier base waves  and ( )ω*2V
using two sensitive sine wave correlators.  
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To improve the accuracy, the measuring method used to be more sophisticated (see 
Figure 3.3.1.3.b). A reference capacitor and a current to voltage converter are 
introduced, the latter allowing low frequency measurement where the capacitor 
impedance is extremely high. 
In this set-up, if ( )ω*XZ  is an impedance, which varies with resistance and capacitance, 
the sample impedance ( )ω*SZ  is calculated as 
 
( ) ( )( )
( )
( ) ( )ωω
ω
ω
ωω **
2
*
1
*
*
1*
X
S
S
S
S
S ZV
V
I
VZ −==                                                                         [3.3.1.5.] 
Therefore, the accuracy of the measurement is restricted by the amplitude and phase 
errors in the current to voltage converter and the correlators. 
Under the very same conditions a reference capacitor with impedance similar to that of 
the sample is measured, improving the sensitivity. Thus, the reference impedance is 
obtained by  
 
( ) ( )( )
( )
( ) ( )ωω
ω
ω
ωω **
2
*
1
*
*
1*
X
R
R
R
R
R ZV
V
I
VZ −==                                                                        [3.3.1.6.] 
And the sample impedance is finally calculated from the two above equations as:  
 
( ) ( )( )
( )
( ) ( )ωω
ω
ω
ωω **
1
*
2
*
2
*
1*
R
R
R
S
S
S ZV
V
V
VZ =                                                                              [3.3.1.7.] 
which does not depend on the linear amplitude or phase errors. 
 
All this is implemented in the Novocontrol high-resolution dielectric analyzer (Alpha-
analyzer), which allows high accuracy measurements (tanδ < 10-4) in a broad frequency 
range of 10-2 – 107 Hz (see Figure 3.3.1.4.). 
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Figure 3.3.1.4. Equipment used for the dielectric measurements. 
Sample’s Preparation
Samples were prepared directly on two gold-plated electrodes with diameters of 20 and 
30 mm forming the parallel plate capacitor (see Figure 3.3.1.5.). For preparing the 
sample capacitor the sample on the lower electrode was maintained at 403 K for 24 h in 
a vacuum oven for the case of functionalized polymers and at 353 K for 48 h for the case 
of PS/PVME blends. 
: 
  
Figure 3.3.1.5. Sample placed between two gold-plated electrodes for the dielectric 
 Measurements. 
 
Then, when the sample was already hot, a thin star-shaped spacer 0.1 mm thick made of 
Teflon was placed between the electrodes before compressing the sample. Subsequently 
the sample was kept in the oven for some minutes in order to remove possible bubbles 
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and stored under vacuum at room temperature. Finally, the sample was inserted into the 
dielectric analyzer, and measured in a broad temperature range typically between 110-
413 K. 
 
3.3.2. Differential Scanning Calorimetry (DSC) 
 
DSC is a thermoanalytical technique that consists in measuring the difference in the 
amount of heat required to increase the temperature of a sample and a reference as a 
function of the temperature, being both subjected to the same temperature program. In 
DSC the glass-transition is detected when a change occurs in the sample heat capacity 
(CP
The instrument used was a Q2000 TMDSC (Temperature Modulated Differential 
Scanning Calorimetry) from TA Instruments [
) increasing from the glassy state, where configurational degrees of freedom are 
frozen, to the liquid state. 
7
 
] (see Figure 3.3.2.1.). 
 
Figure 3.3.2.1. Equipment used for the calorimetrical measurements. 
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In contrast to the conventional DSC, the temperature modulated technique does not use a 
linear temperature profile (dT/dt=const.). Instead, the heating ramp is superimposed by a 
sinusoidal temperature perturbation of amplitude (AT
 
); i.e, 
( ) ( )tAtTtT Ti ωβ sin++=                                                                                   [3.3.2.1.] 
where Ti
 
 is the initial temperature, β is the underlying heating rate and ω is the angular 
frequency. From the above equation we can calculate the instantaneous heating rate as 
( )tA
dt
dTq T ωωβ cos+==                                                                                  [3.3.2.2.] 
Conventional DSC measurements try to maintain the heating rate constant. On the 
contrary, in a MTDSC experiment there is a change in the heating rate. Thus, in this later 
type of measurement instead of using the heat flow and the heating rate to evaluate the 
sample thermal properties, the amplitudes of oscillation of these quantities are 
computed. Therefore, one of the main advantages of MTDSC technique consists on the 
possible separation of kinetic and heat capacity related effects. To correct the asymmetry 
of the sample/reference system arising from some factors as a small difference in the 
pans and the aluminium pan weights a standard procedure of online correction for the 
DSC Q2000 (TzeroTM method) was used. 
 
Sample’s Preparation
Concerning the experimental details, the sample mass required for this measurement was 
about 5-10 mg, a small amount, which is a clear advantage of this thermal analysis 
technique. This allows a uniform temperature distribution as well as a high resolution to 
be achieved. Samples are encapsulated in standard hermetic aluminum pans with the 
: 
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thermocouple sensors just below them and a Helium gas flow was used for 
thermalization.  
The program used for the calorimetric analysis consisted of a modulated temperature 
experiment where an average ramp rate of 3 ºC/min and a temperature oscillation, with 
amplitude of 0.5 ºC every 60 s, superimposed. 
 
3.3.3. Viscosity Measurements 
 
For the mechanical measurements an ARES (Advanced Rheological Expansion System) 
has been used to study the deformation and flow of the sample under the influence of an 
applied torsional stress.  
 
Figure 3.3.3.1. Equipment used for the rheological measurements. 
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A dynamical mechanical experiment consists in the application of an oscillatory strain to 
the sample. The principle is similar to that explained before for the BDS technique since 
here the material is subjected to a sinusoidal strain (or stress) and the responding stress 
(or strain) oscillates sinusoidally at the same frequency but with a phase lag δ:  
( ) ( )tt ωγγ sinmax ⋅=                                                                                                [3.3.3.1.] 
 ( ) ( )δωσσ +⋅= tt sinmax                                                                                       [3.3.3.2.] 
 
Figure 3.3.3.2. Scheme of the experiment principle. 
 
Then, in parallel with the treatment of the dielectric measurements, the measured stress 
signal can be written as the sum of two oscillations with the same frequency where one 
is in phase and the other is out of phase:  
( ) ( ) ( ) ( ) ( )ttttt ωσωσσσσ cos"sin'"' maxmax ⋅+⋅=+=                                   [3.3.3.3.] 
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Figure 3.3.3.3. The time dependence of the strain and stress functions. 
 
 
The strain and stress functions can be written as complex functions in the following 
way: 
 max* γγ =                                                                                                         [3.3.3.4.] 
 
δσσ ie⋅= max*                                                                                                 [3.3.3.5.] 
Dividing the complex stress by the complex strain the complex modulus (G*) is 
obtained:
 
"'sin*cos*sincos
*
**
max
max
max
max
max
max GiGGiGieG
i
⋅+=⋅⋅+⋅=⋅⋅+⋅=
⋅
== δδδ
γ
σ
δ
γ
σ
γ
σ
γ
σ δ
 
[3.3.3.6.] 
G’ and G” are the real and the imaginary parts of the complex modulus and they are 
named as the elastic or storage modulus and the viscous or loss modulus, respectively. 
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The complex viscosity (η*) can be determined from the complex modulus by means of 
the following equation: 
 ω
η ** G=                                                                                                          [3.3.3.7.] 
All the experiments performed here correspond to the linear regime, i.e. where the result 
does not depend on the deformation rate. 
The experiments have been carried out using parallel plate geometry (see Figure 
3.3.3.4.). 
 
Figure 3.3.3.4. Parallel plates used for the rheological measurements. 
 
The lower plate is driven by a motor, which works in the dynamic oscillatory mode, and 
it is in charge of exerting the deformation while the upper plate is connected to the 
transducer, which is in charge of measuring the torque and the normal force parameters. 
According to the parallel plate’s geometry, the upper plate remains fixed while the lower 
plate moves at a certain rate as a consequence of being subjected to a force. The 
movement of the plate gives rise to a rate gradient on the fluid.  
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One of the advantages of the instrument is the absence of inertia effects at least in the 
lower region since we cannot avoid the inertia effects coming from the sample and the 
transducer. 
 
The polystyrene-based samples used for rheological measurements have been formed 
into discs using a Teflon mold in a vacuum oven at 373 K. Before starting the 
measurement, the sample was heated and dried at 403 K for 24 h.  
First of all, before placing the sample between the plates, it was necessary to set the gap 
when there was no sample in order to control it. Once it was done, we separated both 
plates around 15 mm being the suitable distance to place the sample. It is said that the 
sample is already prepared when the gap is around 1-2 mm and the sample fills 
completely the gap as illustrated in Figure 3.3.3.5. 
 
Figure 3.3.3.5.  Parallel plates with the sample loaded. 
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3.3.4. Small Angle Neutron Scattering (SANS) 
 
SANS is a characterization technique used for investigating the structure of a material on 
a length scale of 10 to 1000 Å. In particular, it allows to study the shapes and sizes of the 
particles that are dispersed in an homogeneous medium, or any type of nano-structure 
providing the required contrast. 
SANS involves the fundamental four steps followed for any scattering experiment: 
monochromation, collimation, scattering and detection. Scheme 3.3.4.1. shows how this 
SANS technique works. 
 
 
 
 
Scheme 3.3.4.1. Representation of the SANS technique. 
 
The experiments were performed at the Institut Laue-Langevin in France using the D11 
equipment which is a neutron diffraction technique able to access to large-scale 
structures. 
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The measurements were carried out at 13 temperatures in the range 260 K ≤ T ≤  370 K 
with two sample-to-detector distances, namely 8m (collimation length: 8 m) and 1.2 m 
(collimation length: 2.5 m). 
The wavelength was set to 6Å. In this way the Q-range covered was from 0.072 to 0.52 
Å-1. For some selected temperatures (267, 311, 328 and 361 K) measurements with 34 
m for sample-detector distance and collimation length were also performed, extending 
the covered Q-range down to 0.0017 Å-1. Detector sensitivity corrections were made 
with water, which was also used as secondary standard. Empty cell scattering and the 
background signal arising from electronic noise, γ radiation and fast unmoderated 
neutrons were subtracted using standard procedures. The background noise was 
determined using cadmium to block the primary beam. All background subtraction was 
done directly pixel by pixel on the two- dimensional detector intensity image. After 
radial averaging the intensities were treated for dead time effects in order to yield the 
absolute normalized macroscopic differential scattering cross sections (dΣ/dΩ)(Q) in 
absolute units of cm-1
 
. 
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4. Functionalized PS: Chain-End vs. In-Chain 
Functionalization  
 
In this chapter experimental results of functionalized polystyrenes having the functional 
group located at the end of the chain (chain-end functionalized PS) or in the middle of 
the chain (in-chain functionalized PS) will be presented establishing a comparison 
between them to remark the importance of the functionalization site. In such a way on 
one hand we will determine the most convenient functionalization for the investigation 
of component dynamics in PS/PVME blends. Moreover, we will probe the site-
dependent segmental dynamics.  
 
4.1. DSC Results 
 
Differential Scanning Calorimetry was a useful tool to determine the glass-transition 
temperature (Tg
 
) for the various functionalized polymers: 
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Figure 4.1.1. The reversing heat flow as a function of temperature, a) and b) for the chain-end 2k and 4k, 
respectively; and c) and d) for the in-chain 2k and 4k, respectively. 
 
Figure 4.1.1. shows the reversing Cp as a function of the temperature in order to analyze 
the glass-transitions of each of the functionalized polymers. For all cases, both chain-
end (see Figure 4.1.1. a) and b)) and in-chain functionalized polymers (see Figure 4.1.1. 
c) and d)), a well defined jump is observed in the heat capacity, which is directly related 
to the glass-transition temperature (Tg
Defining the glass-transition temperatures as the inflection point of the DSC heating 
trace, we determined the calorimetric T
). 
g
 
 values for each of the polymers which are 
shown in the table 4.1.1. 
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polymer  Mn M [g/mol] w /M Tn g  [K] 
PS-H 2k 2200 1.05 334 
PS-CN 2k 2200 1.05 334 
PS-H 4k 4200 1.04 354 
PS-CN 4k 4200 1.04 354 
PS-H-PS 2k 2300 1.02 329 
 PS-CN-PS 2k 2300 1.02 331 
PS-H-PS 4k 4100 1.05 350 
 PS-CN-PS 4k 4100 1.05 351 
 
Table 4.1.1. Molecular weights, the polydispersity indexes and the glass transition temperatures of the 
investigated polymers. 
 
DSC results show as expected from previous studies [1] that Tg increases with 
increasing molecular weight. Concerning functionalization with –H and –CN groups, it 
is observed that it does not significantly affect thermal properties since the Tg are very 
similar for each pair. Now, comparing the chain-end and the in-chain functionalized 
polymers one can see if there is an effect on placing the functional group at the end of 
the chain or in the middle of the chain. Looking at the results we see that there is no 
evidence of a mayor effect due to functionalization site. Therefore, these DSC results 
show that –H and –CN functionalized polymers have essentially identical thermal 
properties, that are unspecific of the functional group (they are indistinguishable from 
those of a conventional PS with similar molecular weight). As it is shown in Figure 
4.1.1. this fact was checked using such functionalized polymers with a higher molecular 
weight ( 4000 g/mol) coming to the same conclusion [2
 
]. Trying to confirm this 
interesting result with other kind of properties, viscosity measurements were performed.  
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4.2. Viscosity Measurement Results 
 
Viscosity measurements were done for both molecular weights (2000 g/mol and 4000 
g/mol) with the aim of verifying that there are no changes in the overall polymer 
properties when comparing these two functional groups over a broad temperature range. 
 
Figure 4.2.1. Comparison of the complex viscosity (η∗
 
) as a function of angular frequency at different 
temperatures, a) and b) for the chain-end 2k and 4k, respectively; and c) and d) for the in-chain 2k and 4k, 
respectively.   
Figure 4.2.1. shows the frequency dependence of the viscosity (η’) for both cyanide-
functionalized polystyrene and H-functionalized polystyrene, having a molecular 
weight of 2k and 4k respectively. The experiments have been done for a range of 
temperatures of 403-333 K. The temperature dependence of the sample Newtonian 
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(ω→0) viscosity was determined for each of the temperatures from the low frequency 
data (frequency independent range) and it is shown in Figure 4.2.2. 
 
Figure 4.2.2. Comparison of the plateau viscosity (η0
 
) temperature dependence for the –cyano 
functionalized polystyrenes (PS-CN) and the reference polystyrenes (PS-H), a) for chain-end; and b) for 
in-chain. 
As can be seen the decrease of the viscosity (η) with increasing temperature is well-
described by the William-Landel-Ferry (WLF) equation [3
 
]. The resulting values, 
determined for each functionalized polymer, are summarized in table 4.2.1. 
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X polymer  C C1 2 
H PS-H 2k 14.3 64.2 
CN PS-CN 2k 14.5 68.0 
H PS-H 4k 12.8 53.9 
CN PS-CN 4k 12.8 54.0 
H PS-H-PS 2k 14.5 54.1 
CN  PS-CN-PS 2k 14.3 51.9 
H PS-H-PS 4k 14.6 57.4 
CN  PS-CN-PS 4k 13.1 50.9 
 
Table 4.2.1. The parameters obtained from the WLF fits of the viscosity data of the investigated 
polymers. 
 
The obtained parameters again confirm that the -CN and -H functionalization of PS  
does not affect much the overall dynamics since they are comparable with the WLF 
parameters (corresponding to a conventional PS) taken from the literature [4], which 
are C1 =13.7 and C2
 
 = 50.0 K. 
These results show clearly that the sample viscosity does not change between the –CN 
and –H functionalization providing that the molecular mass remain the same. 
Therefore, it was clearly observed from DSC and viscosity measurements that overall 
properties of the cyano-functionalized polymer and that of the –H functionalized are the 
same since they exhibit a similar Tg 2 as well as a similar viscosity [ ]. These results 
confirm that the H/CN polystyrenes are identical from an overall behavior point of 
view, at least in the temperature range between Tg and Tg+50K. This is a key result that 
has made it possible to investigate the two main issues of this PhD work, namely, i) the 
site-specific contributions to the segmental polymer dynamics, and, ii) the slow 
component dynamics in PS/PVME miscible polymer blends. In both cases, the 
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comparison of the dielectric relaxation experiments performed in samples with cyanide- 
and -H functionalized PS allowed to probe selectively the dynamics of the cyanide- 
containing molecular groups. 
 
4.3. BDS Results 
 
Now, we will focus on the results obtained from BDS measurements since they provide 
detail information about the contributions of the different functional groups to the 
dynamics. Three different ranges of temperatures were used to observe the relaxation 
processes occurring in each of the polymers. First, BDS measurements were done using 
a range of temperatures above the glass-transition temperature (Tg) where it was 
possible to observe the α–relaxation, which is directly related with Tg
Figure 4.3.1. and Figure 4.3.2. show the frequency dependence of the dielectric loss ε’’ 
on the chain-end and in-chain functionalized polymers, respectively, on a temperature 
range of 388-338 K in the case of 2k and on a temperature range of 398-358 K in the 
case of 4k. 
.  
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Figure 4.3.1. Dielectric segmental relaxation spectra showing the loss permittivity (ε“) as a function of 
frequency for the chain-end functionalized polystyrenes (10 K interval from right to left starting from 388 to 
338 K in the case of 2k and from 398 to 358 K in the case of 4k). 
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Figure 4.3.2. Dielectric relaxation spectra showing the dielectric loss permittivity (ε“) as a function of 
frequency for the in-chain functionalized polystyrenes (10 K interval from right to left starting from 388 to 
338 K in the case of 2k and from 398 to 358 K in the case of 4k).. 
 
Using these spectra we have calculated the characteristic relaxation time (τ*) for each 
of the temperatures, which has been obtained from the maximum frequency (fmax
 
) 
corresponding to the peak of the dielectric loss spectra as:  
max2
1*
fπ
τ =                                                                                                              [4.3.1.] 
Figure 4.3.3. shows the resulting temperature dependence of τ* for the various 
functionalized polymers. 
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Figure 4.3.3. Typical relaxation time corresponding to the peak maximum (τ*) of the α-relaxation as a 
function of temperature, a) for chain-end; and b) for in-chain. 
 
Lines correspond to the fitting of the characteristic relaxation time associated with the 
α-relaxation process using the “Vogel-Fulcher-Tamman” equation [2.1.2.1.20.].  
Looking at Figures 4.3.1. and 4.3.2. it is clear that a main relaxation process is 
observed, which corresponds to the α-relaxation although a high frequency tail is also 
evident in all cases, more evidently for the chain-end –CN functionalized PS samples. 
Lines correspond to the fitting of the main process using the “Havriliak Negami” 
mathematical equation [2.1.2.1.13.] in order to describe the dielectric relaxation for 
each of the temperatures, but not accounting for the relatively high frequency data (f 
>103 fmax
 
). The parameters obtained from the fitting are shown in Table 4.3.1. 
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Polymer T [K] C p ∆ε τΗΝ β  [s] γ 
PS-H 2k 388.15 
378.15 
368.15 
358.15 
348.15 
338.15 
0.066 
0.019 
0.0045 
9.8E-4 
6E-5 
0 
1 
1 
1 
1 
1 
1 
0.046 
0.050 
0.051 
0.053 
0.054 
0.056 
1.57E-6 
8.73E-6 
6E-5 
7.4E-4 
0.015 
1.055 
0.793 
0.816 
0.827 
0.834 
0.809 
0.800 
0.425 
0.365 
0.425 
0.358 
0.401 
0.415 
PS-CN 2k 388.15 
378.15 
368.15 
358.15 
348.15 
338.15 
0.309 
0.072 
0.013 
0.002 
0 
0 
 0.391 
0.397 
0.423 
0.440 
0.424 
0.443 
5.56E-7 
2.93E-6 
2E-5 
3.9E-4 
0.009 
0.53 
0.812 
0.840 
0.823 
0.871 
0.848 
0.739 
0.2 
0.2 
0.2 
0.186 
0.238 
0.34 
PS-H 4k 398.15 
388.15 
378.15 
368.15 
358.15 
0.007 
0.003 
0 
0 
0 
1 
1 
1 
1 
1 
0.043 
0.045 
0.047 
0.048 
0.045 
6.621E-6 
5.000E-5 
6.400E-4 
0.016 
1.013 
0.786 
0.774 
0.823 
0.827 
0.996 
0.421 
0.416 
0.355 
0.342 
0.289 
PS-CN 4k 398.15 
388.15 
378.15 
368.15 
358.15 
0.022 
0.007 
0.003 
0 
0 
1 
1 
1 
1 
1 
0.212 
0.218 
0.220 
0.217 
0.224 
4.010E-6 
3.000E-5 
4.000E-4 
0.010 
0.839 
0.823 
0.806 
0.933 
0.815 
0.811 
0.180 
0.195 
0.170 
0.241 
0.273 
PS-H-PS 2k 388.15 
378.15 
368.15 
358.15 
348.15 
338.15 
0.059 
0.012 
0.002 
0 
0 
0 
1 
1 
1 
1 
1 
1 
0.059 
0.063 
0.067 
0.070 
0.073 
0.077 
1.835E-6 
8.025E-6 
6E-5 
6E-4 
0.013 
0.921 
0.788 
0.763 
0.732 
0.721 
0.719 
0.706 
0.476 
0.476 
0.476 
0.476 
0.476 
0.476 
PS-CN-PS 2k 388.15 
378.15 
368.15 
358.15 
348.15 
0.658 
0.129 
0.019 
0.002 
0 
1 
1 
1 
1 
1 
0.326 
0.353 
0.379 
0.407 
0.435 
1.54E-6 
7.905E-6 
6E-5 
7.8E-4 
0.022 
0.704 
0.705 
0.712 
0.716 
0.718 
0.487 
0.487 
0.487 
0.487 
0.487 
PS-H-PS 4k 398.15 
388.15 
378.15 
368.15 
358.15 
0.008 
0.003 
0.001 
4.4E-4 
0 
1 
1 
1 
1 
1 
0.036 
0.038 
0.039 
0.040 
0.042 
4.957E-6 
2.909E-5 
2.830E-4 
0.005 
0.274 
0.815 
0.805 
0.788 
0.768 
0.777 
0.407 
0.407 
0.407 
0.407 
0.407 
PS-CN-PS 4k 398.15 
388.15 
378.15 
368.15 
358.15 
0.065 
0.013 
0.003 
4.9E-4 
0 
1 
1 
1 
1 
1 
0.135 
0.146 
0.156 
0.167 
0.187 
4.786E-6 
3.144E-5 
3.4E-4 
0.007 
0.556 
0.699 
0.695 
0.696 
0.693 
0.660 
0.504 
0.504 
0.504 
0.504 
0.504 
 
Table 4.3.1. Havriliak Negami parameters obtained for the α–relaxation characterization for the 
various functionalized polymers.
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It should be emphasized that the value τHN 
 
does not correspond to the value of τ*.  In 
fact, τ* is the most widely used of both parameters to describe the characteristic 
relaxation time since it is a parameter more independent of the analysis procedure as it 
was explained in Section 2.1.2.1. 
The average values over the temperature range investigated of the parameters obtained 
from the Havriliak Negami mathematical model, and the Vogel-Fulcher-Tamman 
parameters describing the temperature dependence of the characteristic relaxation time 
are summarized in Table 4.3.2. 
 
Polymer ε∆  γ  β  τVFT B  [s] T0 T [K] gD [K] 
PS-H 2k 0.052 0.382 0.818 7.10E-14 1735.8 279.0 332.5 
PS-CN 2k 0.42 0.223 0.825 7.00E-14 1430.9 287.4 331.3 
PS-H 4k 0.042 0.365 0.82 9.16E-15 2067.7 291.6 351.3 
PS-CN 4k 0.217 0.214 0.828 5.8E-15 1726.8 302.6 351.8 
PS-H-PS 2k 0.067 0.476 0.741 2.03E-13 1640.0 280.0 332.0 
PS-CN-PS 2k 0.387 0.487 0.711 9.78E-14 1653.4 282.9 333.9 
PS-H-PS 4k 0.037 0.407 0.805 2.19E-14 2021.0 288.0 347.9 
PS-CN-PS 4k 0.148 0.504 0.694 5.76E-14 1691.3 299.8 351.4 
 
Table 4.3.2. Parameters obtained from the Havriliak Negami model and the Vogel-Fulcher-Tamman 
equation.
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From the VFT description, what is known as the ‘dielectric glass transition 
temperature’, TgD, has been evaluated as τ*(TgD
 
)=10 s. The resulting values for each 
sample are also included in the table. 
As Figures 4.3.1. and 4.3.2. show the α-peaks can be superimposed with other 
significant contributions at the high frequencies. In order to access to this signal in 
more detail it was convenient to extend the dielectric experiments also to an 
intermediate range of temperatures, going from a temperature below the Tg
 
 to the 
room temperature. The obtained data are depicted in Figures 4.3.4. and 4.3.5., for 
the chain-end and in-chain functionalized polymers, respectively. 
 
Figure 4.3.4. The dielectric loss permittivity (ε’’) as a function of frequency for all the chain-end 
functionalized polymers for an intermediate range of temperatures (10 K interval starting from 293 to 243 
K in the case of 2k and from 293 to 253 K in the case of 4k). 
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Figure 4.3.5. The dielectric loss permittivity (ε’’) as a function of frequency for all the in-chain 
functionalized polymers for an intermediate range of temperatures (10 K interval starting from 293 to 243 
K in the case of 2k and from 293 to 253 K in the case of 4k). 
 
As we can observe it is evident the absence of any well resolved relaxation loss peak 
in all polymers. Trying to find any signature of dielectric secondary relaxations in 
these polymers the lowest temperature regime (T > 110K) was investigated. 
Figure 4.3.6. shows the frequency dependence of the dielectric loss ε’’ on the chain-
end and in-chain functionalized polystyrenes 2k and 4k using a range of 
temperatures of 110-140 K. A well resolved peak is found for all –CN 
functionalized polymers and not for the reference ones (PS-H 2k, PS-H 4k, PS-H-PS 
2k and PS-H-PS 4k). 
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Figure 4.3.6. The secondary relaxation from the dielectric relaxation functions obtained from the 
isothermal measurements for all the functionalized polymers, a) and b)for the chain-end 2k and 4k, 
respectively; and c) and d) for the in-chain 2k and 4k, respectively. 
 
Using these spectra we have calculated the characteristic relaxation time (τ*) for 
each of the temperatures, which has been obtained by applying the equation [4.3.1]. 
The resulting temperature dependence of these secondary relaxations is shown in 
Figure 4.3.7. 
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Figure 4.3.7. Temperature dependence of the secondary relaxation process for the chain-end and in-chain 
–CN functionalized polymers. Here the logarithm of the characteristic relaxation time is plotted versus the 
inverse temperature in a so-called Arrhenius  representation. 
 
In order to describe also the shape of the secondary relaxation processes it has been 
useful to use a mathematical model based on the superposition of individual Debye 
processes (single relaxation time). Since the relaxation times follow Arrhenius 
behavior, i.e. KTeE logloglog 0 += ττ , the distribution of relaxation times 
g(logτ) appearing in Equation [2.1.2.1.10.] has been assumed to arise from a 
Gaussian distribution of the activation energies, i.e.: 
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> the mean activation energy, both assumed to 
be temperature independent.  Consequently,  
 82 
 
 ( ) ( ) ( ) eKTEgddEEgg AAA logloglog == ττ                                               [4.3.3.] 
Therefore, the total contribution to the relaxation can be written as 
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+
∆= ∫                                                    [4.3.4.] 
where ∆ε (T) is defined as 
 ( ) TAT +∆=∆ 0εε                                                                                           [4.3.5.] 
being A and ∆ε0
 
 numerical coefficients. 
Using this model it has been possible to describe the shape and the width of the 
dielectric relaxation function over the temperature range where the loss peak is 
detectable. The parameters so obtained are shown in Table 4.3.3. 
 
polymer 〈EA σ〉 
[kJ/mol] 
τEA 0
s ∆ε [s] Α [Κ0 −1] 
PS-CN 2k 24.5 ± 0.5 0.28 ± 0.03 9.20E-16 0.0646 2.80E-4 
PS-CN 4k 19.8 ± 0.1 0.31 ± 0.23 3.57E-14 0.062 1.2E-4 
PS-CN-PS 2K 25.9 ± 0 0.26 ± 0.01 1.13E-15 0.049 2.50E-4 
PS-CN-PS 4K 21.3 ± 0 0.3 ± 0.01 2.39E-14 0.017 1.36E-4 
 
 Table 4.3.3. Parameters obtained from the theoretical model explained above in order to caracterize the 
secondary relaxation process for the various functionalized polymers.  
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4.4. Discussion of Functionalized PS Results 
4.4.1. Secondary Relaxation Process 
 
In the section we will focus on the detected dielectric secondary relaxations 
processes, which take place at temperatures well below Tg
 
 and can be assigned to 
local conformational rearrangements involving the –CN group. Obviously BDS was 
the single technique used to study these local processes. In Figure 4.3.6. we have the 
dielectric relaxation spectra for a given range of temperatures obtained for all CN/H 
functionalized polystyrenes. We focus our attention on the spectra obtained for a 
given temperature (120K) in order to compare the responses in a more clearly way 
as seen in Figure 4.4.1.1. 
Figure 4.4.1.1. Dielectric relaxation at low temperatures showing the frequency dependence of the 
dielectric loss permittivity (ε“) at a temperature of 120 K for the chain-end and in-chain 
functionalized polymers. 
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As expected, it can be observed that all the references (PS-H; PS-H-PS) do not show 
a significant signal, which can be seen in the lower part of the dielectric spectra. In 
contrast, we see that all the -CN functionalized polystyrenes (PS-CN; PS-CN-PS) 
present a significant dielectric loss. Hence, these secondary relaxation processes 
seem to have their origin on the rather localized motion of the –CN group. 
Concerning the intensity of the loss peak, the spectra show that the polymers with 
lower molecular weight (2k) exhibit a higher dielectric signal, observing a 
difference in intensity approximately of a factor of 2 between the 2k and the 4k 
functionalized polymers. This feature can be assigned to the dilution of polar groups 
when the molecular weight is doubled. Functionalization site also affects the loss 
peak intensity observing a higher intensity when the functional group is added at the 
end of the chain. This suggests less steric restrictions in this case. 
Now regarding the shape and the peak position of the dielectric spectra the above 
results show that, whereas the shape is not much affected, dynamics become faster 
for the higher molecular weights (4k) as well as for the chain-end functionalized 
polystyrenes. 
These results indicate that both molecular weight and functionalization site play an 
important role in the dynamics of these functionalized polymers. This is 
corroborated by looking at the temperature dependence of the relaxation time ( s0τ ) 
shown in Figure 4.3.7. where it can be observed that the dynamics become faster for 
the higher molecular weights (4k) and also when the –CN functional group is added 
at the end of the chain. 
 
In order to compare the responses of these local processes we can have a look on 
Table 4.3.3. where values obtained from the fitting of the dielectric spectra (see 
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Figure 4.3.6.) and from the fitting of the temperature dependence of the relaxation 
time (see Figure 4.3.7.) are given. Before analyzing the obtained results it should be 
noted that in the polymer that we are investigating a dielectrically active movement 
can only take place via a CH2-CH2
Now concerning the activation energy, which is expected to be related to the 
available volume around of the functional group and to increase with increasing the 
relative unit-size, the values obtained show a slight but significant difference when 
comparing the two different molecular weight samples. In fact, the activation energy 
is higher for the lower molecular weights (2k) and this effect can be interpreted as a 
difference in the local packing around the –CN functional group. Also there is an 
effect due to functionalization site getting a slightly higher value of the activation 
energy when the functional group is added in the middle of the chain. These two 
facts suggest that this activation energy is not only controlled by the rotational 
barriers within the whole functional group: Si-CH
 bond rotation. Due to the linearity of the C-CN 
unit the rotation around this end group is not dielectrically active. 
2-CH2-CH2
Concerning the values obtained for the relaxation loss peak width, it can be 
observed that the width is only slightly larger for the higher molecular weights (4k). 
Here, functionalization site plays a role giving rise to a slightly larger width when 
the –CN functional group is placed at the end of the polymer chain.  
-CN.  
 
4.4.2. α–Relaxation Process 
 
In the previous chapter we have presented the calorimetric, viscosity and dielectric 
properties of chain-end and in-chain CN/H functionalized polystyrenes (PS-X ; PS-
X-PS), i.e. when one CN/H functional group is added at the end or in the middle of 
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the chain, respectively, using two different molecular weights of 2k and 4k. To 
study the dynamics of these polymers we used the combination of such a precise 
functionalization with BDS, selective to dipole moments, as well as other 
complementary techniques like DSC and Viscosity measurements, both sensitive to 
overall polymer properties. First of all, we will focus on the results obtained by 
means of DSC (Table 4.1.1.) where we can observe that the Tg for the CN-
functionalized polymers (PS-CN 2k; PS-CN-PS 2k) take practically the same value 
as that of the references (PS-H 2k; PS-H-PS 2k), what is somehow surprising. This 
behavior has been confirmed for the polymers having higher molecular weights (4k) 
providing additional support. Then, it seems that for a given molecular weight 
functionalization with –H and –CN functional groups does not affect much the 
overall dynamics. What is also observed is that as expected Tg increases with 
increasing molecular weight, which is usually attributed to the free volume induced 
by the chain-ends that decrease in quantity as chain length increases. Now 
comparing the chain-end and in-chain functionalized polymers, it is observed that 
functionalization site does not seem to affect significantly Tg noticing values of Tg
The viscosity measurements performed extending the study of the overall dynamics 
to higher temperatures (T > T
 
slightly smaller for the in-chain than for the chain-end functionalized polymers 
despite that the molecular weight is slightly larger for the in-chain. This small 
difference could be attributed to the additional flexibility of the –C-Si-C- group 
placed in the middle of the chain for the in-chain functionalized polymers. 
g) confirmed that the CN/H pairs exhibit the same 
overall dynamical behavior. Looking at Figure 4.4.2.1. we see that not only the 
corresponding samples have the same viscosity but also nearly the same storage and 
loss modulus are found for both the –CN functionalized polystyrenes (PS-CN; PS-
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CN-PS) and the reference polystyrenes (PS-H; PS-H-PS). This finding was obtained 
for the two molecular weights (2k and 4k) as well as for the two different 
functionalization sites (chain-end and in-chain).  
 
Figure 4.4.2.1.  Frequency dependence of the shear storage modulus (G’) and the loss modulus (G”) 
for the –cyano functionalized polystyrenes (PS-CN) and the reference polystyrenes (PS-H) pairs. 
 
In fact that CN/H pairs of functionalized polystyrenes exhibit the same overall 
dynamical behavior is likely related with the low concentration and small size of 
both functional groups and is consistent with previous results [5, 6] where it was 
observed that Tg was actually affected when a bulkier or interacting functional 
group (hydroxyl, acetate or ethyl ether) was introduced in the polystyrene matrix 
leading to a decrease of Tg
 
.  
The similar behavior observed for the CN/H functionalized polystyrenes allows 
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polymer segmental dynamics from the sites where the polar entities (-CN) are 
located. Considering the two types of polymers investigated here, it is evident that 
for the -CN functionalized polystyrenes the dipole moment around the –CN 
functionalized segments is large and dominant over the styrene repeating units. On 
the other hand, the resulting matrix contributions to the dielectric relaxation of the –
CN functionalized polystyrenes will be given by the –H functionalized polystyrenes 
being the references. 
When considering the intensity of the loss peak in Figures 4.3.1. and 4.3.2., the 
spectra show that all the –CN functionalized polystyrenes (PS-CN; PS-CN-PS) 
exhibit much stronger dielectric signals almost one order of magnitude higher than 
the corresponding references (PS-H; PS-H-PS) independently of the molecular 
weight and the functionalization site (chain-end and in-chain). Moreover, this 
difference in intensity increases as molecular weight decreases observing 
approximately a factor of 2 between the signals of the low molecular weight (2k) 
and the high molecular weight (4k) polymers. Such effect can be attributed to the 
“dilution effect” as already mentioned when the secondary relaxation process has 
been discussed. Then, these results reflect that in the case of the chain-end 
functionalized polystyrenes the PS-CN dielectric losses are dominated by the 
fluctuating chain-ends, while in the case of the in-chain functionalized polystyrenes 
the PS-CN-PS dielectric losses are mainly assigned to the fluctuations in the middle 
of the chain.  
Now regarding the shape of the dielectric spectra in Figure 4.3.1. it can be seen that 
the responses for the –CN functionalized polystyrenes become broad showing a high 
frequency tail contribution more prominent for -CN end-functionalization, which 
cannot be resolved as a peak at lower temperatures. The behavior observed for the 
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chain-end functionalized polystyrenes is not so clear for the case of the in-chain 
functionalized polystyrenes (see Figure 4.3.2.) where the –CN functionalized 
polymers exhibit a response similar in shape to the corresponding references (-H 
functionalized polymers). In addition, this feature only seems to depend on the 
functionalization site and not on the molecular weight. All this suggests that the 
high frequency tail reflects mainly the end-group fluctuations. 
 
If we now look at the temperature dependence of the characteristic α-relaxation time 
(τ*) shown in Figure 4.3.3., a general trend is found for all the CN/H functionalized 
polystyrenes independently of the location of the functional group in the polymer 
chain where the characteristic relaxation time decreases with decreasing molecular 
weight. Thus, this effect just is mainly attributed to the corresponding changes in Tg. 
Focusing on chain-end functionalized polymers (see Figure 4.3.3.a)) we can observe 
that PS-CN polymers exhibit a lower characteristic relaxation time comparing with 
the references (PS-H polymers). Furthermore, it is shown that the time scale is well 
separated at high temperatures, whereas at low temperatures they seem to approach 
each other in agreement with the close Tg
 
 values. However, the behavior obtained 
for the in-chain functionalized polymers (see Figure 4.3.3.b)) differs from that of the 
chain-end functionalized polymers observing that at low temperatures the time scale 
of the PS-CN-PS polymers is slightly larger comparing with the references (PS-H-
PS). Nevertheless, as temperature increases both time scales approach each other.  
Summarizing, the results concerning the chain-end functionalized polymers show 
that the peak positions shift to higher frequency and the shape of the dielectric 
spectra becomes broader reflecting  a faster and more heterogeneous dynamics for 
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the –CN chain-end functionalized PS (PS-CN) comparing with the reference (PS-H) 
[2, 5, 6]. In contrast, the results concerning the in-chain functionalized polymers 
show a similar time scale and shape of the dielectric spectra indicating the presence 
of a more homogeneous dynamics similar to the backbone (PS-H-PS) [2]. 
 
4.4.2.1. α–Relaxation Process: Specific Contributions to the 
Dynamics 
 
The couple of polymers PS-H/PS-CN and PS-H-PS/PS-CN-PS allow investigating 
the specific contributions to the segmental dynamics (α-relaxation by BDS) of the 
sites where the functional groups are located, which will be most sensitive to the 
fluctuations of the strong polar groups located at the chain-ends or at the mid-
chains, respectively. The approach we applied consists of extracting the “pure” 
chain-end and in-chain fluctuation dynamics (-CN dynamics) from the overall 
dynamics by directly subtracting the dielectric response of the reference polymer 
(PS-H; PS-H-PS) from the -CN functionalized polymer (PS-CN; PS-CN-PS) 
dielectric response. The idea behind this procedure is that the dielectric signal 
coming from the corresponding reference (PS-H; PS-H-PS) reflects only the 
contribution of the overall dynamics, i.e. those associated to the segment 
fluctuations in the polystyrene chains. However, this is not the case for the CN-
functionalized polymers (PS-CN; PS-CN-PS) whose dielectric signal is dominated 
by the fluctuation of the functional group, making the dielectric relaxation to be 
much stronger. This subtraction methodology was used for both functionalization 
sites and molecular weights. 
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Figure 4.4.2.1.1. Comparison of the dielectric spectra of the –CN functionalized polystyrenes, the 
corresponding references (-H functionalized polystyrenes) and the subtracted spectrum (-CN 
dynamics), which corresponds to the specific signal of the chain-end or in-chain fluctuations, e.g. the 
fluctuations of the segments connected to the –CN group. 
 
Figure 4.4.2.1.1. shows the frequency dependence of the loss peak of the CN-
functionalized polymers, the corresponding references (-H functionalized polymers) 
and the subtracted response (-CN dynamics), which corresponds to the specific 
signal of the chain-end or in-chain fluctuations. To facilitate comparisons, the 
results are displayed at temperatures that correspond to about 20 K above Tg
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 being 
the chosen temperatures 353 K and 373 K for the 2k and 4k, respectively. As clearly 
seen from Figures 4.4.2.1.1. a) and b) where the chain-end functionalization is 
presented, most of the signal of the –CN chain-end functionalized polystyrene (PS-
CN) comes from the fluctuations of the –CN chain-end groups. Hence, this 
subtraction procedure allows observing chain-end fluctuations in a direct way. It is 
found that the chain-ends show a faster and more heterogeneous dynamics 
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compared with the main chain (average) response showing a high frequency tail 
whose contribution cannot be resolved as a peak even at lower temperatures. The 
case of the in-chain functionalization observed in Figures 4.4.2.1.1. c) and d) is 
contrary since the shapes of the dielectric spectra of the –CN in-chain functionalized 
polymers (PS-CN-PS) are very similar to their references (PS-H-PS) despite having 
–CN functional groups contributing again to most of the detected signal. 
In order to compare the response coming from the in-chain, chain-end and the 
overall dynamics shown in Figure 4.4.2.1.1. the dielectric responses were analyzed 
using the “Havriliak Negami” equation [2.1.2.1.13.] in addition to a conductivity 
term [εcond
polymer 
 ∝ 1/ω]. Lines in Figure 4.4.2.1.1. correspond to the fitting results of the 
dielectric spectra, providing a good-description of the curves over the whole 
frequency range at least for the in-chain fluctuations. However, for the chain-end 
fluctuations, which exhibit an asymmetric broadening at the high frequency regime 
reflected in a tail-like contribution (specific of the chain-end fluctuations), this 
simple equation is not enough to describe the measured data in that region. The 
obtained parameters are given in Table 4.4.2.1.1. 
∆ε β γ 
fwhm 
 DECADES 
PS-H 2k 0.054 0.85 0.35 2.70 
End-chain 2k 0.372 0.83 0.21 4.12 
PS-H 4k 0.047 0.80 0.37 2.81 
End-chain 4k 0.171 0.88 0.18 4.39 
PS-H-PS 2k 0.072 0.77 0.40 2.78 
Middle-chain 2k 0.353 0.77 0.40 2.74 
PS-H-PS 4k 0.039 0.76 0.44 2.66 
Middle-chain 4k 0.123 0.74 0.44 2.74 
 
Table 4.4.2.1.1. Fit parameters and related quantities extracted from an analysis of the dielectric loss 
spectra shown in Figure 4.4.2.1.1. using a Havriliak-Negami function. Last column present the full 
with at half maximum (fwhm) of the fitting peak loss determined from the shape parameters. [7
 
]. 
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As seen in the above table, very similar values for the shape are obtained when 
comparing middle-chain and whole dynamics (reference –H functionalized 
polymer). However, for the chain-end signal the parameters are clearly different and 
the full-width-half-maximum (fwhm) markedly larger. This makes it clear that the 
chain-end fluctuations have very significant contributions to high frequencies that 
persist even below Tg
 
 as already discussed. 
Concerning the main relaxation rate, Figure 4.4.2.1.2. shows a comparison of the 
site dependent characteristic relaxation time in a temperature scaled representation 
canceling the variations produced by Tg changes. In this way, all the data have been 
normalized to the TgD of the corresponding reference polymer. This procedure has 
been done for both molecular weights, 2k and 4k. In such representation all the 
reference polymers present the same dynamics, and as a consequence the dielectric 
relaxation times perfectly superimpose (see x and + symbols in the figure) despite of 
the clear difference between the corresponding glass transition temperatures. So any 
minor difference between Tg values associated to the site where the functional group 
is located will not be relevant in the comparison. Consequently, Figure 4.4.2.1.2. 
highlights the differences in dynamics originated by the chain-site where the polar 
functional group is located. 
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Figure 4.4.2.1.2. Scaled temperature dependence of the characteristic relaxation time (τ*) for overall 
dynamics as compared with the timescale of the chain-end segments fluctuations and middle-chain 
segments fluctuations. 
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behavior, it can be seen an evident faster decreasing of these time scales by 
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closer to Tg it seems that the time scale of the chain-end fluctuations start 
approaching that reflecting the overall dynamics. Now having a look at the in-chain 
dynamics, it can be observed that at high temperatures the time scales of the middle-
chain fluctuations of both polymers (2k and 4k) appear to be almost identical to 
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characteristic of the fluctuations occurring at the middle of the chain becomes 
noticeable larger than that of the average dynamics. 
 
Therefore, the above results can be interpreted by the existence of a variable 
segmental mobility along the polymer chain. As it has already shown, at the high 
temperature regime the chain-ends tend to move clearly faster than the overall 
dynamics, whereas the mid-chains segments exhibit a dynamics really similar to the 
overall. In this way, the faster dynamics found for the chain-ends seems to be also 
reflected in the high frequency wing decoupled from the overall dynamics, which is 
observed for the PS-CN samples and consequently for the –CN signal. As this extra 
contribution only appears for the chain-end functionalized polymers and not for the 
in-chain functionalized polymers we cannot assigned it to the specific dynamics of 
the functional group. This finding leads us to associate such an extra wing-like 
contribution to an intrinsic dynamic aspect of the chain-ends. Nevertheless, at 
progressively lower temperatures, the two time scales corresponding to the chain-
ends and the overall dynamics seem to merge towards a common value, i.e. a 
common dynamic glass-transition temperature. This relevant result can be 
interpreted in terms of growing cooperativity regions, named Cooperative 
Rearranging Regions (CRR), upon a temperature decrease, which coincides with the 
ideas proposed by Adam & Gibbs [8]. The idea behind it is that at low temperatures 
the dynamics reflect an average over many types of segments, including chain-ends, 
since the cooperativity volume is large. As temperature increases this cooperativity 
volume gradually decreases and the motion gradually reflects single segment 
motion. In the Adam & Gibbs framework the typical diameter of the CRR was 
found to be of the order of 1-3 nm depending on the temperature around Tg [9, 10] 
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being compatible with our results. It has to be remarked that the size corresponding 
to the molecular volume of the end-group must be the lower limit to the CRR, i.e. 
the size of the CRR must be larger than that of the end-group, which is 
approximately of the order of 0.5 nm. Hence, only at temperatures corresponding to 
CRR smaller in size than 0.5 nm we can expect to observe the independent motion 
of the end-group. This reasoning of the CRR leads to think that the time scale for the 
chain-ends is more slowed-down than the overall dynamics as we get closer to Tg
Figures 4.4.2.1.1. and 4.4.2.1.2. have been used to visualize how the dynamics at the 
end of the chain and in the middle of the chain are as compared with the overall 
behavior. Summarizing, it has been observed that in terms of the shape the dielectric 
spectra for the dynamics of the –CN group when it is located at the center of the 
chain is very similar to the backbone [
 
from above. All this can be explained in the sense that at low temperatures the 
dynamics reflects a cooperative motion of many types of segments together with 
those of the chain-ends rather than the specific part where the –CN functional group 
is selectively located. However, the dynamics observed at this low temperature 
regime for the in-chain functionalization is different since in this case the mid-
chains segments exhibit a dynamics that is slightly slower than the overall. This 
effect can be interpreted as a consequence of the local surrounding of the middle of 
the polymer chain, where less chain-ends than in the overall are found. Then, it 
gives rise to have a slower mid-chain dynamics contributing to the whole segmental 
dynamics.  
2]. Moreover, for the chain-end the dynamics 
have been found to be extremely heterogeneous with faster motions that persist well 
below Tg 2 [ , 5, 6]. These important findings show also that contributions from the 
end of the chain influence significantly in the overall dynamics leading to a larger 
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degree of heterogeneity, namely close to Tg, which could explain the change in the 
width observed for the α–relaxation with decreasing molecular weight [11
2
]. On the 
contrary, the specific middle of the chain contributions does not seem to have a 
relevant influence in the overall dynamics [ ].  
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5. Polystyrene/Poly (vinyl methyl ether) (PS/PVME) Blends 
Results 
 
In this chapter polymer blend dynamics will be investigated requiring the use of 
different experimental techniques. One of the main goals of most of the 
experimental studies carried out on polymer blends has been to resolve the 
dynamics of the individual components in the blend. In the past many systems have 
been investigated trying to characterize the segmental relaxation dynamics of the 
components forming the blend. Within all the polymer blends investigated, one of 
the most extensively studied systems has been the PS/PVME blend. This particular 
system has been investigated by several techniques but the component that has been 
investigated in depth has been PVME and there is not so detailed information about 
PS dynamics in the blends. One major reason for this is that by using dielectric 
spectroscopy the response of the blend is largely dominated by the fluctuation of the 
dipole moment associated to PVME. Furthermore, when using neutron scattering 
techniques the fact that deuterated PVME was not available makes the NS 
investigation of this blend system to be also focused on the PVME component only.  
 
For this study the most useful technique has been Broad-band Dielectric 
Spectroscopy (BDS), which in combination with these PS/PVME blends made of 
in-chain functionalized polystyrenes allows accessing to the PS component 
dynamics as well as the already studied PVME component dynamics as it will be 
shown in the following. Also, the use of Differential Scanning Calorimetry as a 
complementary technique has been needed to characterize these blends. 
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The study of the dynamics of these PS/PVME blends has been carried out on 
different compositions (75/25, 50/50 and 25/7575 wt%) covering the whole range. 
 
5.1. DSC Results  
 
DSC was employed to determine the glass-transition temperatures (Tg
Namely, the samples investigated in this work where: PSHPS2k / PVME 75/25 – 
PSCNPS2k / PVME 75/25, PSHPS2k / PVME 50/50 – PSCNPS2k / PVME 50/50 
and PSHPS2k / PVME 25/75 – PSCNPS2k / PVME 25/75. Figure 5.1.1. shows the 
temperature dependence of the normalized heat capacity  derivative (dC
) 
corresponding to the three different types of PS/PVME blends investigated. This 
technique allowed studying the miscibility on this kind of systems and in particular 
checking that it is not significantly affected by functionalization as it will be 
reflected in the obtained results. In fact, to prove it polymer blends prepared with a 
conventional PS as a reference (PS2300 / PVME) and with the same compositions 
than the blends made of H- and CN- functionalized PS were included in this study.  
p/dT) for 
these polymer blends. 
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Figure 5.1.1. Comparison of the normalized heat capacity derivative (dCp/dT norm
 
) as a function of 
the temperature for the conventional polystyrene blends and the three different pairs of functionalized 
polymer blends having a composition of 75/25, 50/50 and 25/75. 
Polymer blend 
 Code 
T
[K] 
g 
PS2300/PVME 75/25 298 ± 1 
PS-H-PS 2k / PVME 75/25 297 ± 1 
PS-CN-PS 2k / PVME 75/25 298 ± 1 
PS2300/PVME 50/50 274 ± 1 
PS-H-PS 2k / PVME 50/50 272 ± 1 
PS-CN-PS 2k / PVME 50/50 271 ± 1 
PS2300/PVME 25/75 257 ± 1 
PS-H-PS 2k / PVME 25/75 258 ± 1 
PS-CN-PS 2k / PVME 25/75 258 ± 1 
 
Table 5.1.1. Glass-transition temperatures (Tg
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) for the various polystyrene blends. 
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The effect of functionalization can be checked by comparing within a same 
composition, 75/25 for instance, the –H functionalized PS blend ((PSHPS2k / 
PVME 75/25) with the conventional PS blend (PS2300 / PVME 75/25). Looking at 
Figure 5.1.1. it seems that functionalization does not affect miscibility since the Tg
Now comparing functionalization with –H and –CN groups, it can be observed that 
when these functionalized PS, having a –H or a –CN group located in the middle of 
the chain, are mixed with poly (vinyl methyl ether), T
’s 
(peak positions) are practically indistinguishable. The same result is obtained for the 
other two compositions, 50/50 and 25/75. 
g is essentially unaffected 
being very similar for each pair of polymer blends. Such finding could be expected 
since in the previous section it was shown that both H/CN in-chain functionalized 
PS (PSHPS2k and PSCNPS2k) exhibited the same Tg not having a significant effect 
due to the type of functionalization [1]. However, looking at the width of the glass-
transition it can be clearly seen that all –CN functionalized PS blends exhibited a 
slightly wider glass-transition compared to the –H functionalized PS blends 
(references) independently of the composition. This effect of functionalization on 
width can be observed in detail in Figure 5.1.2. where we present the width of the 
glass-transition  corresponding to each of the blends defined by the full-width at 
half-maximum (fwhm) of the peaks shown previously in Figure 5.1.1.. As seen the 
glass-transition of the CN-functionalized PS blends (PSCNPS2k / PVME) is always 
distinctly wider than that of the references (PSHPS2k / PVME). Nevertheless, the 
effect is not very pronounced and therefore miscibility can be considered not 
significantly affected by the type of functionalization. Extra support for this 
conclusion will be given below. 
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Moreover, comparing the –H functionalized PS blend (PSHPS2k / PVME) with the 
conventional PS blend (PS2300 / PVME) it can be observed that there are no 
significant differences in width, which is in agreement with the previous results 
evidencing that this kind of functionalization does not affect miscibility. 
 
Now regarding composition it can be observed that as PVME content increases in 
the polymer blend Tg takes a value progressively smaller from 75/25 to 50/50 and 
from 50/50 to 25/75 as expected. This can be even more clearly seen in Figure 5.1.2. 
where the average Tg
 
 corresponding to each of the blends is shown as a function of 
its PS percentage in the blend.  
Figure 5.1.2. The average Tg
 
 and the full-width at half-maximum (fwhm) as a function of the PS 
content in the blends. 
Summarizing, it should be remarked that functionalization does not affect 
practically miscibility and –H and –CN functionalized PS behave very similar at 
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least from the calorimetric point of view and also similar to a conventional PS of the 
same molecular weight. 
 
5.2. BDS Results  
5.2.1. 75/25 PS/PVME Blends 
 
Now, we will focus our attention on BDS measurements to continue studying the 
dynamics of these polystyrene blends. As it has been already explained the 
combination of BDS and the proper PS functionalization opens the route for the 
investigation of the PS dynamics in this blend that has been intensively investigated 
in the past but focusing the attention on the study of the PVME component. In the 
following section we will start presenting the data of PS/PVME blends with the 
lowest PVME content where resolving the dynamics of PS is easier. 
Figure 5.2.1.1. shows the frequency dependence of the loss peak comparing the 
dielectric losses (ε“) of the -H functionalized PS blend (PS-H-PS2k/PVME) with 
the conventional PS blend (PS2300/PVME). 
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Figure 5.2.1.1. Dielectric segmental relaxation spectra showing the loss permittivity as a function of 
frequency for the –H functionalized PS blend (PS-H-PS2k/PVME) and the conventional PS blend 
(PS2300/PVME) at a given range of temperatures. 
 
From this plot we can observe a similar dynamics for the poly(vinyl methyl ether) 
using both functionalized and conventional PS. The minor differences in intensity 
would be attributed to the typical uncertainty in the sample capacitor geometry. This 
result is in agreement with the DSC results where it was shown that both samples 
present essentially the same glass transition process. Nevertheless, the present 
dielectric results are a much more detailed test although mainly reflects the behavior 
of the polar component, i.e. PVME. Thus, both BDS and DSC results evidence that 
blends made with functionalized PS and PVME are directly comparable with those 
made by mixing conventional PS and PVME, provided the molecular mass is 
similar.  
Now we compare both functionalized PS blends as seen in Figure 5.2.1.2.  
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Figure 5.2.1.2. Dielectric segmental relaxation spectra showing the loss permittivity (ε“) as a 
function of frequency for the –H functionalized PS blend (PS-H-PS2k/PVME) and the –CN 
functionalized PS blend (PS-CN-PS2k/PVME) at a given range of temperatures. 
 
Due to the similar overall behavior observed for these two functionalized PS blends 
by DSC, they can be used together to resolve PS and PVME component dynamics 
since in the case of the –H functionalized PS blend (PSHPS2k / PVME) what is 
mainly reflected by dielectric relaxation is the response of the PVME component, 
whereas in the –CN functionalized PS blend (PSCNPS2k / PVME) both PS and 
PVME contributions are well observed. The approach followed to separate these 
two dynamic contributions consists namely of subtracting the response of the –H 
functionalized PS blend (reference) from the response of the –CN functionalized PS 
blend. However, this subtraction requires the use of two factors. A factor (f1
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), which 
comes from the superposition of the two H/CN functionalized PS blends at a very 
low temperature where only the PVME contribution can be observed, compensates 
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minor differences in the sample capacitor geometry not properly accounted in the 
raw data.  
Accordingly we can write: 
     
 
ε' 'PSCNPS 2k / PVME ⋅ f1 = ε' 'PSCNPSblend +ε' 'PVMEblend
ε' 'PSHPS 2k / PVME = ε' 'PSHPSblend +ε ' 'PVMEblend
                                                [5.2.1.1.] 
A second factor (f2
 
ε' 'PSHPSblend = f2 • ε ' 'PSCNPSblend
) is used to account for the ratio between the contributions of H- 
and CN- functionalized PS in the blends, i.e. . The value 
f2 
 
was obtained from the superposition of the dielectric losses from the two 
functionalized homopolymers at a given temperature where their responses are well 
centered (see Figure 4.3.2.). In this way, we will take into account that there is a 
small but relevant contribution to the dielectric losses coming from the H-
functionalized PS (mainly in the blends with low PVME concentration).  
Therefore, the equations used with this procedure to resolve component dynamics 
were the following: 
 
 
ε' 'PSCNPSblend =
ε ' 'PSCNPS / PVME ⋅ f1( )− ε ' 'PSHPS / PVME
(1 − f2)
                                            [5.2.1.2.] 
 
 
ε' 'PVMEblend = ε' 'PSHPS / PVME − f2 ⋅ ε ' 'PSCNPSblend( )                                                [5.2.1.3.] 
 
Figure 5.2.1.3. shows the frequency dependence of the loss peak for both H/CN 
functionalized PS blends, which are the measured signals, as well as PS and PVME 
contributions obtained by this procedure at a representative temperature (313 K). 
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Figure 5.2.1.3. Dielectric segmental relaxation spectra showing the loss permittivity (ε“) as a 
function of frequency for the H/CN functionalized PS blends, PSHPS2k/PVME 75/25 and 
PSCNPS2k/PVME 75/25, respectively, and their PVME and PSCN component dynamics at 313 K. 
 
Concerning the response of the PSCN in the blend we can observe at first sight a 
main peak appearing at the low frequency regime, which would correspond to the 
PS component dynamics in the conventional blend. 
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Figure 5.2.1.4. Comparison of the frequency dependence of the dielectric loss (ε“) for the PSCN 
contribution in a PS/PVME 75/25 blend where the fitting is focused on the main loss peak. 
 
Looking in detail at the shape of the PSCN component dielectric losses over a broad 
temperature range (see Figure 5.2.1.4) an extra contribution with a shoulder-like 
shape appearing at the high frequency regime can be clearly observed. The fact of 
obtaining this fast contribution for the PSCN component in the blend is not 
consequence of an inappropriate separation of responses during the procedure since 
it was performed within a precise control. In fact, this high-frequency tail would be 
attributed also to the PS dynamics. What it happens is that although the average PS 
is getting frozen, there are always PS segments moving faster, although likely with 
small amplitude, once PVME component starts moving and this generates a PS 
dielectric response in some way related with the PVME motions. As a first approach 
we tried to describe the segmental relaxation process of the PSCN component 
focusing only on the main loss peak observed in Figure 5.2.1.4. not including the 
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high frequency contribution. For that the Alvarez-Alegría-Colmenero (AAC) 
function [2.1.2.1.16.] was used for the fitting instead of using a conventional 
Havriliak Negami equation [2.1.2.1.13.] since the former is a more restricted 
equation where there is only one shape free parameter involved. 
The so obtained parameters are given in the following table 5.2.1.1. In the same 
table characteristic relaxation time (τ*=1/ωmax
Note that τ* and fwhm values are very much representative of the experimentally 
resolved loss peak and therefore will be not much dependent on the selected fitting 
strategy. 
) obtained from the HN parameters as 
well as the full-width-half-maximum (fwhm) [2.1.2.1.15.] parameter are included.  
 
T [K] ∆ε τHN Β  [s] γ τ* [s] fwhm 
DECADES 
363.15 
353.15 
343.15 
333.15 
323.15 
313.15 
0.282 
0.300 
0.319 
0.338 
0.361 
0.375 
6.06E-6 
3.34E-5 
2.56E-4 
2.71E-3 
0.045 
1.114 
0.579 
0.57 
0.561 
0.554 
0.543 
0.546 
0.419 
0.414 
0.409 
0.406 
0.400 
0.402 
1.49E-6 
7.85E-6 
5.73E-5 
5.88E-4 
0.009 
0.231 
3.726 
3.822 
3.920 
3.988 
4.123 
4.083 
 
Table 5.2.1.1. Havriliak Negami parameters obtained for the α–relaxation characterization of the 
PSCN contribution in the PSCNPS2k / PVME 75/25 blend when only the main loss peak is 
considered. 
 
In order to obtain a more complete description of these same data a much more 
detailed analysis of the data was strictly required. In this case the fitting of the two 
peaks together was performed using a conventional Havriliak Negami equation 
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[2.1.2.1.13.] to describe the main loss peak of the PSCN component appearing at the 
low frequency regime and a Cole-Cole function (γ=1 in the HN equation 2.1.2.1.13.) 
to describe the shoulder in the high frequency tail. The result is shown in Figure 
5.2.1.5. and the parameters obtained from the fitting are given in Table 5.2.1.2. 
 
Figure 5.2.1.5. Comparison of the frequency dependence of the dielectric loss (ε“) for the PSCN 
contribution in a PS/PVME 75/25 blend where the fitting involves both the mean loss peak and the 
high frequency tail. 
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T [K] ∆ε τ1 HN1 β [s] γ1 *1τ1  [s] fwhm
DECADES 
1 
343.15 
333.15 
323.15 
313.15 
0.299 
0.328 
0.355 
0.382 
2.57E-4 
2.36E-3 
3.16E-2 
0.444 
0.578 
0.54 
0.494 
0.408 
0.429 
0.456 
0.502 
0.721 
6.54E-5 
5.98E-4 
8.38E-3 
0.205 
3.678 
3.820 
3.969 
4.044 
 
 
T [K] ∆ε τ2 HN2 β [s] γ2 *2τ2  [s] fwhm
DECADES 
2 ∆εtotal 
343.15 
333.15 
323.15 
313.15 
0.028 
0.015 
0.009 
0.013 
7.33E-8 
4.27E-7 
2.04E-6 
1.09E-5 
0.561 
0.674 
0.830 
0.715 
1 
1 
1 
1 
7.33E-8 
4.27E-7 
2.04E-6 
1.09E-5 
2.411 
1.929 
1.475 
1.789 
0.327 
0.343 
0.365 
0.395 
 
Table 5.2.1.2. Parameters obtained using a combination of a Havriliak Negami equation and a Cole-
Cole function to describe the α–relaxation of the PSCN contribution in the PSCNPS2k / PVME 75/25 
blend when the total response is considered, being (1) the main loss peak and (2) the high frequency 
tail . In addition, the characteristic relaxation time (τ*) obtained from the HN parameters as well as 
the full-width-half-maximum parameter (fwhm) and the total dielectric strength (∆ε total
  
) are included 
in the table. 
A combination of these two procedures used to describe the α–relaxation processes 
for the PSCN contribution in the blend, the first focused only on the main loss peak 
response and the second one being more exhaustive describing the dielectric 
response as a whole, is shown in Figure 5.2.1.6. As seen the first methodology is 
applied for the high temperatures when only the main peak is observed, whereas the 
second one can be only applied when the shoulder is clearly observed in the spectra. 
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Figure 5.2.1.6. Dielectric segmental relaxation spectra showing the loss permittivity (ε“) as a 
function of frequency for the PS contribution in the -CN functionalized PS blend using a simple HN 
equation for the highest temperatures and a double HN equation for the rest of the temperature range. 
 
In Figure 5.2.1.7.a) it is represented the temperature dependence of the dielectric 
strength (∆ε) determined directly from the fitting with a single peak of the main 
losses (see Figure 5.2.1.4.) as well as the total dielectric strength value (∆εtotal) 
determined as the sum of the two dielectric strengths obtained when the fitting is 
carried out including the shoulder (see Figure 5.2.1.5.). They are represented in the 
plot with open squares and X, respectively. As expected the values obtained for the 
dielectric strength (∆ε) when the fitting is focused only on the main loss peak match 
well with those obtained when the dielectric response is taken as a whole including 
the losses visible as a shoulder at the high frequency regime (∆εtotal
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), because the 
weakness of this component. The dielectric strength of the PS component in the 
blend depicted a temperature dependence similar to that in the homopolymer with a 
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moderated decreasing as temperature increases. On the other hand Figure 5.2.1.7.b) 
shows also the temperature dependence of fwhm. Here it is observed that the loss 
peak width decreases markedly with increasing temperature eventually approaching 
at high temperature the value typical of the homopolymer loss peak (approximately 
2.7).   
 
Figure 5.2.1.7. The temperature dependence of the dielectric strength (∆ε) and the full-width-half-
maximum (fwhm) for the PSCN component in the PSCNPS2k / PVME 75/25 blend. 
 
The previous separation procedure also provides the ‘fully resolved’ contribution of 
PVME in the same blend. Note that in previous investigations the contributions 
from PS to the dielectric losses were completely neglected. However, in this type of 
blends despite that the PS contribution is small, it is very apparent (at this high PS 
concentration), namely in the low frequency side of the loss peaks from the 
conventional PS blend (see fig 5.2.1.3). 
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Now concerning the response of the PVME in the blend (see Figure 5.2.1.8.) we can 
observed at first sight a main peak appearing at the high frequency regime, which 
represents the main PVME component dynamics in the blend. However, the low 
frequency side shoulder is also evident, namely around the average Tg
 
.  
Figure 5.2.1.8. Comparison of the frequency dependence of the dielectric loss (ε“) for the PVME 
contribution in a PS/PVME 75/25 blend where the fitting is focused on the main loss peak. 
 
The main PVME contributions were described using different approaches depending 
on the temperature range. At very low temperatures due to the symmetry exhibited 
by the loss peaks a Cole-Cole function was used (γ=1 in the HN equation 2.1.2.13.). 
However, this symmetry stars disappearing as temperature increases making 
necessary the use of a conventional Havriliak Negami function. However, at this 
high temperature regime the high frequency tail goes out of the experimental 
window, so we decided to fix in the fitting procedure the product β⋅γ determining 
the asymptotic behavior at high frequencies to: 
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 4.0=⋅ γβ                                                                                                       [5.2.1.4.] 
that is what is found for the case of the pure PVME [2
The so obtained parameters are shown in the following table: 
]. 
T [K] ∆ε τHN Β  [s] γ τ* [s] fwhm 
DECADES 
353.15 
343.15 
333.15 
323.15 
313.15 
303.15 
293.15 
283.15 
273.15 
263.15 
253.15 
243.15 
233.15 
0.345 
0.363 
0.379 
0.375 
0.374 
0.371 
0.337 
0.268 
0.208 
0.180 
0.163 
0.148 
0.145 
1.43E-8 
3.39E-8 
7.33E-8 
2.30E-7 
6.95E-7 
1.68E-6 
1.74E-5 
5.74E-5 
1.22E-4 
2.94E-4 
8.09E-4 
0.003 
0.010 
0.526 
0.499 
0.452 
0.427 
0.378 
0.316 
0.294 
0.268 
0.263 
0.249 
0.24 
0.235 
0.220 
0.761 
0.801 
0.885 
0.936 
1 
1 
1 
1 
1 
1 
1 
1 
1 
8.75E-9 
2.22E-8 
5.66E-8 
1.98E-7 
8.03E-7 
3.50E-6 
1.74E-5 
5.74E-5 
1.22E-4 
2.93E-4 
8.09E-4 
0.003 
0.010 
2.956 
3.06 
3.275 
3.408 
3.727 
4.272 
5.027 
5.563 
5.685 
6.041 
6.279 
6.41 
6.880 
  
Table 5.2.1.3. Havriliak Negami parameters obtained for the α–relaxation characterization of the 
PVME contribution in the PSCNPS2k / PVME 75/25 blend when only the mean loss peak is 
considered. In addition, the characteristic relaxation time (τ*) obtained from the HN parameters as 
well as the full-width-half-maximum parameter (fwhm) are included in the table. 
 
As was the case of the PSCN contribution in the blend, here we also observe that for 
a complete description of the PVME response we should include the shoulder 
appearing now at the low frequency regime. Consequently, in a more limited 
temperature range the response was fitted as a double peak accessing to much more 
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complete information about the dynamics of the PVME component in the blend. For 
such a fitting a Cole-Cole function (γ=1 in the HN equation 2.1.2.1.13.)  was used to 
account for the low frequency part of the data and a conventional Havriliak Negami 
equation [2.1.2.1.13.] with the restriction 4.0=⋅ γβ  [5.2.1.4.] was used describing 
these high frequency main loss peaks. 
 
The result is shown in Figure 5.2.1.9. and the obtained parameters are summarized 
in Table 5.2.1.4. 
 
Figure 5.2.1.9. Comparison of the frequency dependence of the dielectric loss (ε“) for the PVME 
contribution in a PS/PVME 75/25 blend where the fitting involves both the mean loss peak and the 
low frequency tail. 
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T [K] ∆ε τ1 HN1 β [s] γ1 *1τ1  [s] fwhm
DECADES 
1 
353.15 
343.15 
333.15 
323.15 
313.15 
303.15 
293.15 
0.005 
0.007 
0.012 
0.031 
0.064 
0.144 
0.263 
5.59E-6 
1.68E-5 
5.14E-5 
2.21E-4 
1.64E-3 
2.41E-2 
2.723 
0.864 
0.924 
0.806 
0.612 
0.475 
0.326 
0.257 
1 
1 
1 
1 
1 
1 
1 
5.59E-6 
1.68E-5 
5.14E-5 
2.21E-4 
1.64E-3 
2.41E-2 
2.723 
1.399 
1.277 
1.533 
2.172 
2.937 
4.489 
5.836 
 
 
T [K] ∆ε τ2 HN2 β [s] γ2 *2τ2  [s] fwhm
DECADES 
2 ∆εtotal 
353.15 
343.15 
333.15 
323.15 
313.15 
303.15 
293.15 
0.340 
0.362 
0.374 
0.368 
0.354 
0.311 
0.268 
1.51E-8 
3.33E-8 
7.68E-8 
2.18E-7 
6.48E-7 
1.79E-6 
8.88E-6 
0.537 
0.501 
0.461 
0.433 
0.398 
0.364 
0.33 
0.745 
0.798 
0.867 
0.924 
1 
1 
1 
9.04E-9 
2.17E-8 
5.71E-8 
1.83E-7 
6.58E-7 
2.3E-6 
8.88E-6 
2.914 
3.052 
3.23 
3.378 
3.591 
3.831 
4.437 
0.346 
0.368 
0.387 
0.399 
0.418 
0.455 
0.531 
 
Table 5.2.1.4. Parameters obtained using a combination of a Havriliak Negami equation and a Cole-
Cole function to describe the α–relaxation of the PVME contribution in the PSCNPS2k / PVME 
75/25 blend when the total response is considered, being (1) the low frequency tail and (2) the main 
loss peak. In addition, the characteristic relaxation time (τ*) obtained from the HN parameters as well 
as the full-width-half-maximum parameter (fwhm) and the total dielectric strength (∆ε total
 
) are 
included in the table. 
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A combination of these two procedures used to describe the α–relaxation processes 
for the PVME contribution in the blend is shown in Figure 5.2.1.10. where the first 
methodology applies well at low temperatures, when only a peak is observed, 
whereas the second one describes the response when the low frequency component 
is clearly observed in the spectra. 
 
Figure 5.2.1.10. Dielectric segmental relaxation spectra showing the loss permittivity as a function 
of frequency for the PVME contribution in the -CN functionalized PS blend using a simple HN 
equation for the highest temperatures and a double HN equation for the rest of the temperature range. 
 
In Figure 5.2.1.11.a) it is represented the temperature dependence of the dielectric 
strength (∆ε) determined directly from the fitting of the main peaks (see Figure 
5.2.1.8.) as well as the total dielectric strength value (∆εtotal
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) determined as the sum 
of the two dielectric strengths obtained when the fitting is carried out for a double 
peak (see Figure 5.2.1.9.), represented in the plot with open squares and X, 
respectively. On the other hand, Figure 5.2.1.11.b) shows the temperature 
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dependence of the full-width-half-maximum (fwhm) obtained from the β and γ shape 
parameters of the main loss peaks fittings [2.1.2.1.15.]. 
 
Figure 5.2.1.11. The temperature dependence of the dielectric strength (∆ε) and the full-width-half-
maximum (fwhm) for the PVME component in the PSCNPS2k / PVME 75/25 blend. 
 
Concerning the relaxation strength (∆ε), it is clear that the temperature dependence 
is different from that corresponding to the homopolymer, only the high temperature 
data (x in the plot) seems to follow the conventional behavior. By decreasing 
temperature there is a continuous drop of the detected dielectric relaxation, which 
should be related with dipolar entities that cannot contribute longer most likely due 
to the presence of a surrounding PS rich environment. This will be discussed in 
detail below. 
On the other hand, the temperature dependence of the fwhm is qualitatively closer to 
that found for the PSCN component but the broadening at low temperature is much 
more pronounced, likely indicative of an extremely heterogeneous environment.  
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Finally, Figure 5.2.1.12 summarizes the temperature behavior of the characteristic 
relaxation times (τ*) of the blend components as compared with those of the 
corresponding homopolymers. The relaxation time of the main PVME dielectric 
relaxation component presents the clear departure of the conventional VFT behavior 
only achievable at high temperatures. This result is in perfect agreement with what 
was found before when the PVME dynamics was investigated in blend with 
conventional PS by dielectric techniques. However, the present approach also 
allows detecting unambiguously the bimodal-like character of the PVME dynamics 
in this PS rich blend with a relatively slow and dielectrically weak mode showing 
the more conventional VFT temperature dependence (see + symbols in Figure). On 
the other hand, although the PS dynamics have also a bimodal character the 
dielectric relaxation is largely dominated by the slow mode, both modes presenting 
a VFT-like temperature behavior. 
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Figure 5.2.1.12. Comparison between the characteristic relaxation times (τ*) of the pure components 
of the protonated blend (PSCNPS2k and PVME) and their corresponding PSCN and PVME 
contributions in the PSCNPS2k / PVME 75/25 blend. 
 
5.2.2. 50/50 PS/PVME Blends 
 
Whereas in the previous section it was studied a PS/PVME system where the PVME 
was in minority and allowed in this way resolving easily PS component dynamics, 
this would not be the case for a PS/PVME blend where both components are in the 
same proportion. In fact, here as the system becomes richer in PVME compared to 
the previous system studied, the separation of the component dynamics would be 
more complicated not only because the signal from PSCN decreases but also 
because that of PVME increases drastically (by a factor of about 2).  
In Figure 5.2.2.1. it can be observed how is the behavior of these H/CN 
functionalized PS/PVME blends with symmetric composition through the 
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comparison of the frequency dependence of the dielectric loss peaks (ε“) for a given 
range of temperatures. 
 
 
 
Figure 5.2.2.1. Dielectric segmental relaxation spectra showing the loss permittivity (ε“) as a 
function of frequency for the –H functionalized PS blend (PS-H-PS2k/PVME) (a) and the –CN 
functionalized PS blend (PS-CN-PS2k/PVME) (b) at a given range of temperatures. 
 
In this system also the similarity of the glass transitions observed between the -H 
and the –CN functionalized PS blend by means of DSC allows using both blends 
together to resolve PS and PVME component dynamics.  
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perfectly distinguished due to the low PVME content. However, here as both 
components forming the blend are in the same proportion the double peak structure 
becomes less visible decreasing the peak corresponding to the PS component, which 
appears at the low frequency range and increases that from PVME at high 
frequencies. Moreover, a small but systematic shift in frequency is generally 
observed at any temperature for both blends being the H-functionalized PS blend the 
fastest. These findings make more difficult the detailed separation of the PS and 
PVME component dynamics since we cannot use the same approach used 
previously for the 75/25 composition where the PS component dynamics was 
resolved by subtracting the response of the reference (H-functionalized PS blend) 
from the response of the CN-functionalized PS blend. 
Hence, instead of subtracting both –CN and –H functionalized PS/PVME blends to 
obtain PS and PVME component responses, here first the –H functionalized PS 
blend (PSHPS2k / PVME 50/50) dielectric response was analyzed with a Cole-Cole 
function (γ=1 in the HN equation 2.1.2.1.13.) providing an approximated description 
of the PVME component dynamics in the blend. The second step of the approach 
consisted of analyzing the CN-functionalized PS blend (PSCNPS2k / PVME 50/50) 
as a whole. For the fitting a double Cole-Cole function was required in order to 
describe both contributions, the main PVME component dynamics in the blend 
appearing at the high frequency side and the low-frequency shoulder, which would 
correspond to the PS component in the blend. The parameters obtained for the –H 
functionalized PS blend (PSHPS2k / PVME 50/50) were used as initial parameters, 
fixing both β and γ shape parameters, for the fitting of the PVME contribution in the 
-CN functionalized PS blend (PSCNPS2k / PVME 50/50). Thus, in the fitting of the 
–CN functionalized PS blend (PSCNPS2k / PVME 50/50) dielectric losses, 5 fitting 
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parameters were used (3 for the PS component and 2 for the PVME component). 
Figure 5.2.2.1. shows the fitting obtained for the –H and –CN functionalized PS 
blends (PSHPS2k / PVME 50/50, PSCNPS2k / PVME 50/50) at different 
temperatures and the corresponding parameters are summarized in Table 5.2.2.1. 
and Table 5.2.2.2., respectively. 
 
T [K] ∆ε τHN β  [s] γ τ* [s] fwhm 
DECADES 
313.15 
303.15 
293.15 
283.15 
0.987 
1.073 
1.165 
1.275 
4.32E-7 
2.07E-6 
1.6E-5 
2.93E-4 
0.487 
0.429 
0.369 
0.301 
1 
1 
1 
1 
4.32E-7 
2.07E-6 
1.6E-5 
2.93E-4 
2.852 
3.295 
3.911 
4.907 
 
Table 5.2.2.1. Cole-Cole parameters obtained for the α–relaxation characterization of the PVME 
contribution in the PSHPS2k / PVME 50/50 blend. In addition, the characteristic relaxation time (τ*) 
obtained from the fitting parameters as well as the full-width-half-maximum parameters (fwhm) are 
included in the table. 
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T [K] ∆ε τ1 HN1 β [s] γ1 *1τ1  [s] fwhm
DECADES 
1 
343.15 
333.15 
323.15 
313.15 
303.15 
293.15 
283.15 
0.855 
0.9 
0.96 
1.056 
1.142 
1.224 
1.287 
2.14E-8 
5.21E-8 
1.52E-7 
5.52E-7 
2.77E-6 
2.29E-5 
4.09E-4 
0.629 
0.59 
0.543 
0.487 
0.43 
0.369 
0.308 
1 
1 
1 
1 
1 
1 
1 
2.14E-8 
5.21E-8 
1.52E-7 
5.52E-7 
2.77E-6 
2.29E-5 
4.09E-4 
2.101 
2.270 
2.508 
2.852 
3.295 
3.911 
4.787 
 
 
T [K] ∆ε τ2 HN2 β [s] γ2 *2τ2  [s] fwhm
DECADES 
2 
343.15 
333.15 
323.15 
313.15 
303.15 
293.15 
283.15 
0.173 
0.208 
0.238 
0.251 
0.275 
0.313 
0.344 
5.35E-6 
1.79E-5 
8.24E-5 
6.06E-4 
5.95E-3 
9.89E-2 
1.709 
0.540 
0.526 
0.480 
0.468 
0.439 
0.394 
0.379 
1 
1 
1 
1 
1 
1 
1 
5.35E-6 
1.79E-5 
8.24E-5 
6.06E-4 
5.95E-3 
9.89E-2 
1.709 
2.523 
2.603 
2.897 
2.987 
3.214 
3.635 
3.796 
 
Table 5.2.2.2. Parameters obtained for the α–relaxation of the PVME (1) and PSCN (2) contributions 
in the PSCNPS2k / PVME 50/50 blend using a double Cole-Cole equation. In addition, the 
characteristic relaxation time (τ*) obtained from the HN parameters as well as the full-width-half-
maximum parameter (fwhm) are included in the table. 
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From the obtained parameters it can be seen how the dielectric strength (∆ε) and the 
full-width-half-maximum (fwhm) [2.1.2.1.15.] depend on temperature for both PS 
and PVME contributions as seen in Figure 5.2.2.2. and 5.2.2.3., respectively. 
 
 
Figure 5.2.2.2. The temperature dependence of the dielectric strength (∆ε) and the full-width-half-
maximum (fwhm) for the PSCN component in the PSCNPS2k / PVME 50/50 blend. 
 
In both cases (PS and PVME contributions) ∆ε and fwhm follow a rather 
conventional temperature dependence. 
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Figure 5.2.2.3. The temperature dependence of the dielectric strength (∆ε) and the full-width-half-
maximum (fwhm) for the PVME component in the PSCNPS2k / PVME 50/50 blend. 
  
From the fitting parameters the characteristic relaxation time for both PS and PVME 
component in the blend was also determined. The obtained values are shown in 
Figure 5.2.2.4. where it can be seen a comparison of the relaxation time (τ*) 
temperature dependences for the homopolymers and the components in the blend. 
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Figure 5.2.2.4. Comparison between the characteristic relaxation times (τ*) of the pure components 
of the blend (PSCNPS2k and PVME) and their corresponding PSCN and PVME contributions in the 
PSCNPS2k / PVME 50/50 blend. 
 
The behavior obtained for this composition is again more conventional and differs 
from that found for the 75/25 composition and these results will be discussed in 
detail later. 
 
5.2.3. 25/75 PS/PVME Blends 
 
The study of the PS component dynamics in PS/PVME blends started from the 
easiest case where PVME was the minority component (PS/PVME 75/25). 
However, as the blend has become richer in PVME resolving PS dynamics is more 
difficult. Now, we will present the data of PS/PVME blends with the highest PVME 
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content where resolving dynamics is expected to be even more complicated than in 
the previous case (PS/PVME 50/50). 
Figure 5.2.3.1. shows the dielectric loss (ε“) frequency dependence for the H/CN-
functionalized PS blends at different temperatures. 
 
Figure 5.2.3.1. Dielectric segmental relaxation spectra showing the loss permittivity (ε“) as a 
function of frequency for the –H functionalized PS blend (PS-H-PS2k/PVME) (a) and the –CN 
functionalized PS blend (PS-CN-PS2k/PVME) (b) at a given range of temperatures. 
 
Here, as in the previous composition (50/50), in spite of both –H and –CN 
funtionalized PS blends present a very similar Tg
Hence, similar to the approach followed for the 50/50 composition, here first the –H 
functionalized PS blend (PSHPS2k / PVME 25/75) dielectric response was analyzed 
with a conventional Havriliak Negami equation [2.1.2.1.13.] where at high 
 it is not possible to resolve PS and 
PVME component dynamics by subtraction because the involved uncertainties 
would result in fitting artefacts. 
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temperature we set 4.0=⋅ γβ  as before [5.2.1.4.] in order to minimize the number 
of free parameters. In a second step the –CN functionalized PS blend (PSCNPS2k / 
PVME 25/75) was fitted to determine the dynamical behavior of both PSCN and 
PVME components in the blend. For that the β and γ shape parameters obtained for 
the –H functionalized PS blend were imposed for the PVME component, whose 
response was reflected by the main loss peak, whereas the rest of the obtained 
parameters were used as initial parameters. On the other hand, the low frequency 
shoulder was fitted using a Cole-Cole function (γ=1 in the HN equation 2.1.2.1.13.), 
which results in a total of 5 fitting parameters for the –CN functionalized PS blend 
(PSCNPS2k / PVME 25/75). Therefore, Figure 5.2.3.1. shows the fitting obtained 
for the –H and –CN functionalized PS blends (PSHPS2k / PVME 25/75, PSCNPS2k 
/ PVME 25/75) at different temperatures and the corresponding parameters are 
given in Table 5.2.3.1. and 5.2.3.2., respectively. 
T [K] ∆ε τHN β  [s] γ τ* [s] fwhm 
DECADES 
333.15 
323.15 
313.15 
303.15 
293.15 
283.15 
273.15 
1.602 
1.638 
1.678 
1.735 
1.790 
1.877 
1.959 
4.44E-8 
1.14E-7 
3.64E-7 
1.41E-6 
7.59E-6 
5.92E-5 
8.56E-4 
0.742 
0.708 
0.681 
0.648 
0.616 
0.568 
0.517 
0.539 
0.565 
0.588 
0.617 
0.649 
0.705 
0.773 
2.12E-8 
5.55E-8 
1.79E-7 
7.16E-7 
3.98E-6 
3.33E-5 
5.35E-4 
2.389 
2.454 
2.512 
2.588 
2.668 
2.810 
2.987 
 
Table 5.2.3.1. Parameters obtained for the α–relaxation characterization of the PVME contribution in 
the PSHPS2k / PVME 25/75 blend. In addition, the characteristic relaxation time (τ*) obtained from 
the fitting parameters as well as the full-width-half-maximum parameters (fwhm) are included in the 
table. 
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T [K] ∆ε τ1 HN1 β [s] γ1 *1τ1  [s] fwhm1 
DECADES 
333.15 
323.15 
313.15 
303.15 
293.15 
283.15 
273.15 
1.586 
1.575 
1.599 
1.657 
1.712 
1.783 
2.018 
4.29E-8 
1.31E-7 
4..40E-7 
1.76E-6 
1.03E-5 
9.08E-5 
2.87E-3 
0.742 
0.708 
0.681 
0.648 
0.616 
0.568 
0.525 
0.539 
0.565 
0.588 
0.617 
0.649 
0.705 
0.563 
2.05E-8 
6.34E-8 
2.17E-7 
8.93E-7 
5.39E-6 
5.11E-5 
1.02E-3 
2.389 
2.454 
2.511 
2.589 
2.668 
2.81 
3.471 
 
 
T [K] ∆ε τ2 HN2 β [s] γ2 *2τ2  [s] fwhm2 
DECADES 
333.15 
323.15 
313.15 
303.15 
293.15 
283.15 
273.15 
0.130 
0.132 
0.145 
0.158 
0.166 
0.177 
0.199 
3.38E-6 
1.78E-5 
4.88E-5 
2.37E-4 
2.23E-3 
2.81E-2 
1.566 
0.508 
0.522 
0.489 
0.474 
0.469 
0.431 
0.333 
1 
1 
1 
1 
1 
1 
1 
3.38E-6 
1.78E-5 
4.88E-5 
2.37E-4 
2.23E-3 
2.81E-2 
1.566 
2.714 
2.630 
2.837 
2.945 
2.979 
3.283 
4.397 
 
Table 5.2.3.2. Parameters obtained for the α–relaxation of the PVME (1) and PSCN (2) contributions 
in the PSCNPS2k / PVME 25/75 blend. In addition, the characteristic relaxation time (τ*) obtained 
from the HN parameters as well as the full-width-half-maximum parameter (fwhm) are included in 
the table. 
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From the fitting parameters the temperature dependence of the dielectric strength 
and the full-width-half-maximum (fwhm) [2.1.2.1.15.] for the PS and PVME 
contributions can be obtained as seen in Figure 5.2.3.2. and 5.2.3.3., respectively. 
 
 
Figure 5.2.3.2. The temperature dependence of the dielectric strength (∆ε) and the full-width-half-
maximum (fwhm) for the PSCN component in the PSCNPS2k / PVME 25/75 blend. 
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Figure 5.2.3.3. The temperature dependence of the dielectric strength (∆ε) and the full-width-half-
maximum (fwhm) for the PVME component in the PSCNPS2k / PVME 25/75 blend. 
 
Again ∆ε and fwhm follow a rather conventional temperature dependence although a 
sharp increasing of fwhm is detected for both components at low temperatures as 
seen in Figures 5.2.3.2. and 5.2.3.3. 
On the other hand, the characteristic relaxation times (τ*) of PS and PVME showed 
also the conventional VFT behavior (see Figure 5.2.3.4.) 
0.0
0.4
0.8
1.2
1.6
2.0
2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8
2.0
2.5
3.0
3.5
 
 
 PVME in the blend
∆ε
b)
 
 
 PVME in the blend
fw
hm
1000/T [K-1]
a)
 134 
 
 
Figure 5.2.3.4. Comparison between the characteristic relaxation times (τ*) of the pure components 
of the blend (PSCNPS2k and PVME) and their corresponding PSCN and PVME contributions in the 
PSCNPS2k / PVME 25/75 blend. 
 
5.3. SANS Results  
 
Small Angle Neutron Scattering (SANS) measurements were employed to study the 
thermodynamics of the PS/PVME 75/25 blends (see Section 2.2.1.). This type of 
measurements required using one deuterated component in the blends in order to 
achieve a sufficient scattering contrast. In our case we chose deuterated polystyrene 
dPS, since it is the majority component. The measurements were carried out using 
the D11 instrument at Institut Laue Langevin (ILL), Grenoble, France (see 
experimental section for the details). Figure 5.3.1. shows the normalized 
macroscopic differential scattering cross section at different temperatures for –CN 
deuterated functionalized PS blend (dPSCNPS2k / PVME 75/25). 
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Figure 5.3.1. Normalized macroscopic differential scattering cross section (dΣ/dΩ)(Q) at the 
different temperatures indicated after subtracting the Q-4
 
-increase observed in the low-Q range. Lines 
are fits with Equation 5.3.3. 
The cross sections measured by D11 presented a temperature independent increase 
at low-Q (Q > 0.012 Å-1 approx.) that approximately followed a Q-4
 
-dependence 
( ) 4−⋅= QAQIlowQ                                                                                              [5.3.1.] 
The origin of this scattering could be attributed to e.g. small bubbles in the sample 
giving rise to a Porod-like law. In previous studies [3, 4] the increase of the cross-
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section in this Q-range has been interpreted in terms of a Debye-Bueche (DB) 
function [5
 
] 
( )( )221 DB
DB
Q
I
ξ+
                                                                                            [5.3.2.] 
accounting for heterogeneities decaying exponentially on a certain characteristic 
length scale ξDB. Then, the observed Q-4-dependent scattering intensity would 
correspond to the high-Q regime of the DB-law. In our case, we checked that the 
increase of the intensity follows well a Q-4-dependence down to the lowest Q 
investigated (Qmin = 0.0017Å-1 for selected temperatures). Thus, if this scattering 
could be attributed to a DB-regime, the associated characteristic length scale should 
be larger than approx. 600Å (≈ 1/Q min). At Q-values above 0.01 Å-1 
5
the scattering 
curves present a T-dependent regime, as can be appreciated in Figure 5.3.1. This 
figure shows the D11 results at different temperatures after subtracting the low-Q 
scattering accounted by the already mentioned law [5.3.1.]. The data can be 
perfectly described in terms of a Ornstein-Zernike (OZ) function [ ] and a flat 
background (BG): 
 
( )
( )( ) BGQ
IQI
OZ
OZ +
+
= 21 ξ
                                                                              [5.3.3.] 
Both the intensity of the OZ-function IOZ and the characteristic length ξOZ show a 
clear temperature dependence, as can be seen in Figure 5.3.2. 
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Figure 5.3.2. Temperature dependence for the intensity of the OZ-function (IOZ) (red filled 
diamonds) and the characteristic length (ξOZ) (blue filled circles). Values for the characteristic length 
obtained by Hashimoto et al. [6] (blue open circles) and Han et al. [7
 
] (blue open squares) are also 
included. 
We note that the values of ξOZ
6
 are perfectly compatible with those previously 
reported by Hashimoto et al [ ] on a similar blend, where a conventional (non- 
functionalized) PS was used. This supports the previous finding that the here used 
functionalization does not alter miscibility. 
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The fact that the sample employed for SANS experiments used deuterated 
functionalized PS lead us to question our self whether this can be directly compared 
with the previously reported results on the corresponding samples prepared with 
protonated PS. Thus, DSC and BDS were also used in order to have a complete 
characterization of these deuterated blends.  
By DSC the glass-transition temperatures (Tg
 
) of both deuterated H and CN-
functionalized PS blends, called as dPSHPS2k / PVME 75/25 and dPSCNPS2k / 
PVME 75/25, respectively, have been determined from the peak of the derivative by 
DSC as seen in Figure 5.3.3. 
Figure 5.3.3. Comparison of the normalized heat capacity derivative (dCp/dT norm
 
) as a function of 
the temperature for the two different deuterated blends having a composition of 75/25. 
As seen there is a measurable difference between the Tg
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 values for both deuterated 
blends. In fact, the difference is of about 5K, which was expected since the 
preliminary characterization of the deuterated homopolymers, dPSHPS2k and 
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dPSCNPS2k, showed that they had not exactly the same molecular weight (Mn = 
1800 g/mol for dPSHPS2k and Mn = 2200 g/mol for dPSCNPS2k) and as a 
consequence there was observed a difference in their Tg’s being 318K and 326K for 
the dPSHPS2k and the dPSCNPS2k, respectively. Therefore, this is the explanation 
for the difference in Tg
 
’s of the deuterated PS/PVME blends. 
BDS was used as it was done previously for the equivalent blends (PSHPS2k / 
PVME 75/25, PSCNPS2k / PVME 75/25). Figure 5.3.4. shows the frequency 
dependence of the loss peak for both deuterated -H and –CN functionalized PS 
blends. 
 
 
Figure 5.3.4. Dielectric segmental relaxation spectra showing the loss permittivity (ε“) as a function 
of frequency for the deuterated –H functionalized PS blend (dPS-H-PS2k/PVME) and the deuterated 
–CN functionalized PS blend (dPS-CN-PS2k/PVME) at a given range of temperatures. 
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As seen in this figure the dynamic behavior of these deuterated H/CN functionalized 
PS blends is similar to that obtained for protonated H/CN functionalized PS blends 
and presented in Section 5.2.1. Therefore, an equivalent approach was followed to 
resolve PS and PVME component dynamics. In Figure 5.3.5. it can be seen the 
dielectric loss peak as a function of the frequency for both deuterated H/CN 
functionalized PS blends, being the measured signals, as well as PS and PVME 
components in the blend at a representative temperature (313K). 
 
Figure 5.3.5. Dielectric segmental relaxation spectra showing the loss permittivity (ε“) as a function 
of frequency for the H/CN functionalized PS blends, PSHPS2k/PVME 75/25 and 
dPSCNPS2k/PVME 75/25, respectively, and their PVME and PSCN component dynamics at 313K. 
 
The so-resolved component dynamics at different temperatures are shown in Figures 
5.3.6. and 5.3.7. for the PSCN and the PVME contributions, respectively. For the 
comparative analysis the data representing each component dynamics were fitted by 
a single main component modeled with a HN function [2.1.2.1.13.]. The results of 
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such description are summarized in Tables 5.3.1. and 5.3.2. and represented by lines 
in Figures 5.3.6. and 5.3.7. 
 
 
Figure 5.3.6. Dielectric segmental relaxation spectra showing the loss permittivity (ε“) as a function 
of frequency for the PS contribution in the deuterated -CN functionalized PS blend where the fitting 
is focused only on the mean loss peak. 
 
T [K] ∆ε τHN β  [s] γ τ* [s] fwhm 
DECADES 
363.15 
353.15 
343.15 
333.15 
323.15 
313.15 
0.250 
0.255 
0.270 
0.28 
0.301 
0.321 
2.43E-6 
1.15E-5 
8.30E-5 
7.16E-4 
9.14E-3 
0.246 
0.565 
0.569 
0.584 
0.569 
0.513 
0.506 
0.411 
0.414 
0.368 
0.377 
0.409 
0.375 
5.56E-7 
2.69E-6 
1.68E-5 
1.43E-4 
1.74E-3 
0.039 
3.872 
3.827 
4.019 
4.072 
4.331 
4.648 
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Table 5.3.1. Havriliak Negami parameters obtained for the α–relaxation characterization of the 
PSCN contribution in the dPSCNPS2k / PVME 75/25 blend when only the mean loss peak is 
considered. In addition, the characteristic relaxation time (τ*) obtained from the HN parameters as 
well as the full-width-half-maximum parameter (fwhm) are included in the table. 
 
Figure 5.3.7. Dielectric segmental relaxation spectra showing the loss permittivity (ε“) as a function 
of frequency for the PVME contribution in the deuterated -CN functionalized PS blend where the 
fitting is focused only on the mean loss peak. 
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T [K] ∆ε τHN Β  [s] γ τ* [s] fwhm 
DECADES 
323.15 
313.15 
303.15 
293.15 
283.15 
273.15 
263.15 
253.15 
243.15 
233.15 
0.355 
0.369 
0.361 
0.311 
0.251 
0.202 
0.177 
0.162 
0.151 
0.147 
1.96E-7 
7.41E-7 
3.30E-6 
2.94E-5 
1.57E-4 
6.21E-4 
1.06E-3 
7.19E-3 
2.27E-2 
0.107 
0.438 
0.384 
0.338 
0.334 
0.324 
0.337 
0.296 
0.327 
0.309 
0.286 
1 
1 
1 
0.770 
0.653 
0.533 
0.643 
0.463 
0.492 
0.504 
1.96E-7 
7.41E-7 
3.30E-6 
1.37E-5 
4.35E-5 
9.98E-5 
2.45E-4 
7.18E-4 
2.39E-3 
0.010 
3.221 
3.738 
4.314 
4.885 
5.475 
5.839 
6.078 
6.515 
6.693 
7.159 
 
Table 5.3.2. Havriliak Negami parameters obtained for the α–relaxation characterization of the 
PVME contribution in the dPSCNPS2k / PVME 75/25 blend when only the mean loss peak is 
considered. In addition, the characteristic relaxation time (τ*) obtained from the HN parameters as 
well as the full-width-half-maximum parameter (fwhm) are included in the table. 
 
 
Figures 5.3.8.  and 5.3.9. present the temperature dependence of the main relaxation 
parameters. 
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Figure 5.3.8. The temperature dependence of the dielectric strength (∆ε) and the full-width-half-
maximum (fwhm) for the PSCN component in the dPSCNPS2k / PVME 75/25 blend. 
 
Figure 5.3.9. The temperature dependence of the dielectric strength (∆ε) and the full-width-half-
maximum (fwhm) for the PVME component in the dPSCNPS2k / PVME 75/25 blend. 
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The overall behavior observed using deuterated PS is similar to that found before 
from the non-deuterated blends. To stress the similarities and put in evidence minor 
differences, in Figure 5.3.10. we have included the characteristic time scales (τ*) of 
the components main relaxation obtained using all the samples in a single plot. 
 
Figure 5.3.10. Comparison between the characteristic relaxation times (τ*) of the pure components 
of the deuterated blend (dPSCNPS2k and PVME) and their corresponding PSCN and PVME 
contributions in the dPSCNPS2k / PVME 75/25 blend. 
 
It is evident that PVME times obtained form non-deuterated and deuterated blends 
nearly superimpose. Concerning the PS contribution, it is clear that both the 
deuterated and non-deuterated PSCN homopolymers are slightly different, this 
difference is also apparent for the main PS component in the blends. Both results are 
naturally explained by the small differences found in the glass transition temperature 
associated to minor differences in molecular weight. 
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The result of this detailed comparison clearly demonstrates that the information 
obtained by SANS experiments on the blends with deuterated PSCN can be 
considered also valid for non-deuterated blends as far as the temperature variation 
observed in the parameters describing SANS experiments is rather smooth. 
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6. Polystyrene/Poly (vinyl methyl ether) (PS/PVME) Blends 
Discussion  
 
In the previous chapter we have presented the results obtained from calorimetric and 
dielectric measurements on blends of PVME with –CN and –H functionalized PS, 
which allowed us to resolve the segmental dynamics of both components. As it was 
already commented the PS/PVME blend has been long investigated in the past but 
not specific information on the PS component was extracted. On the other hand, the 
dynamics of the PVME in the blends as detected in these systems conforms 
perfectly what was reported before with the single exception of the blends richer in 
PS where we were able to probe that in this particular blend the PVME dynamics 
has a bimodal character. As consequence, the following discussion will be mainly 
focused on the PS component dynamics in the different blends although the data 
concerning the PVME dynamics in the blends investigated here will be also 
considered. At the end, we will discuss how the PS dynamics plays a crucial role on 
that of PVME in the PS/PVME 75/25 where the slow PS acts as a frozen matrix at 
low temperatures influencing the PVME behavior. 
 
To start, we will focus first on the results obtained by DSC, which is a technique 
sensitive to the overall dynamical properties. As expected for miscible and 
homogeneous polymer blends, a single glass transition is observed for all cases (see 
Figure 5.1.1.), which implies that no phase separation takes place during the blend 
preparation or the subsequent measurements. Subsequently, before going into detail 
about our H/CN functionalized PS/PVME blends it was required to check that there 
was not a significant difference between using PS/PVME blends made of 
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functionalized PS and the corresponding blends made of conventional PS. For that 
calorimetric results show, in fact, that functionalization does not change very much 
the overall dynamical properties since the –H functionalized PS blends 
(PSHPS2k/PVME) and the conventional PS blends (PS2300/PVME) exhibit a very 
similar Tg
 
 as it is shown in Table 5.1.1. and in Figure 5.1.1. Moreover, as shown 
above, blends of PVME with -H and –CN functionalized PS present a close DSC 
behavior.  
Because the source for resolving the PS component dynamics in the PS/PVME 
blends is the system with -CN functionalized PS, in the following discussion we will 
use the DSC data from this system. Figure 6.1. shows that the composition 
dependence of the average glass-transition temperature <Tg> (taking it as the middle 
point of the Cp
1
 step in DSC measurements) can be well described by means of the 
Brekner equation [ ]: 
 
 ( ) ( ) ( ) ( )[ ]
3
2
2
2111 PSPSPSgPVMEgPSgPVMEPSg KKKKTTTT φφφφ ++−+−+=         [6.1.] 
 
where φPS is the bulk concentration in the higher Tg component (PS), TgPS and 
TgPVME are the respective glass transition temperatures of the pure PS and PVME 
components forming the blend, and K1 and K2 are fitting parameters, which would 
account of weak interactions between components. When the values of K1 and K2 
previously reported for a conventional PS/PVME blend with a PS having a 
considerably higher molecular weight (Mn=64 Kg/mol) [1] (being K1 =-0.707 and 
K2 = 0.462) are used, the resulting description of the data is very satisfactory (see 
solid line in Figure 6.1). 
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Figure 6.1. Calorimetric glass transition of the PSCNPS 2k and PVME homopolymers and their 
corresponding blends as a function of the PS composition fitted with the Brekner model. 
 
PS dynamics in the blend
 
: 
Let now consider the dynamics of the PS component in the blend. The characteristic 
relaxation time (τ*) temperature dependence of the PSCN component in the three 
different blend compositions is shown in Figure 6.2. These data were fitted using the 
Vogel-Fulcher-Tamman (VFT) equation [2.1.2.1.20.]. The parameters resulting 
from such a fitting are given in Table 6.1. and the corresponding curves are shown 
in Figure 6.2.  It should be noted that for the fitting the VFT characteristic relaxation 
time (τVFT) was fixed using the value obtained for the PSCNPS 2k homopolymer. 
From such a fitting we can characterize the PS dynamics in each blend by an 
“effective” glass transition (Tgeff
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). The value of the “effective” glass transition 
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temperature for each composition is calculated as the temperature at which the main 
relaxation time (τ*) of the PS component takes a value of 10 s (see Figure 6.2.). The 
resulting values are also included in the Table 6.1. 
 
Figure 6.2. Comparison of the temperature dependence of the characteristic relaxation time (τ*) for 
the homopolymer of higher Tg
 
 forming the blend (PSCNPS 2k) and the various PSCN component 
dynamics of the different blend compositions (25/75, 50/50 and 75/25). 
Code τVFT B  [s] T T0 geff m  [K] 
PSCNPS 2k 9.78E-14 1653 282.9 333.9 212 
PSCN blend 75/25 9.78E-14 1987 244.1 305.7 160 
PSCN blend 50/50 9.78E-14 2512 201.7 279.5 116 
PSCN blend 25/75 9.78E-14 2394 193.5 267.7 116 
 
Table 6.1. Parameters obtained from the Vogel-Fulcher-Tamman fits of the main α–relaxation time 
of the above PS component dynamics. It should be noted that for the fitting the VFT characteristic 
relaxation time (τVFT) was fixed using the value obtained for the PSCNPS 2k homopolymer. The 
calculated “effective” Tg
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As seen in Figure 6.3 the dynamics of the PSCN component in the blend becomes 
faster and the “effective” Tg progressively decreases as the PVME content in the 
blend increases as expected but the evolution is different than that of the average Tg. 
As it was already mentioned a way to account for this fact is to consider that due to 
chain connectivity the ‘local concentration’ experienced by a given segment of a 
component is always richer than average in this component. In this context the 
effective PS concentration (φPSeff
PS
sφ
) can be defined in terms of the PS self 
concentration ( ) as (see Equation 2.2.2.1.) 
 
  ( ) PSPSsPSsPSeff φφφφ −+= 1                                                                                   [6.2.]
where PSsφ would account for the volume fraction around the reference PS segment 
occupied by segments (of the same component) belonging to the same chain, which 
obviously depends on the size of the relevant volume. In the limit of large volume 
0→PSsφ  and PSPSeff φφ = . In the other extreme case of very small relevant volume 
1→PSsφ and 
PS
sPSeff φφ = . The experimental results in polymer blends evidence in 
general an intermediate situation. 
In the Lodge and Mc-Leish approach [2] the “effective” Tg of each of the blend 
components as a function of the concentration (φ) can be calculated from the 
calorimetric Tg ( Tg ( ) ( )effggeff TT φφ =(φ) ) using the following equation . In this 
framework, Equation 6.1. can be rewritten in terms of the component glass 
transition TgeffPS
 
 and effective concentration as: 
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TgeffPS φPS( )= TgPVME + TgPS − TgPVME( ) 1+ K1( )φPSeff − K1 + K2( )φPSeff2 + K2 φPSeff3[ ] 
[6.3.] 
In this way, by considering equation [6.2.], equation [6.3.] can be finally rewritten 
as 
 
( ) ( ) ( ) ( )[ ]
( ) ( )[ ] ( )[ ] }
{
3
2
2
21
1
11
11
PS
PS
S
PS
SPS
PS
S
PS
S
PS
PS
S
PS
SgPVMEgPSgPVMEPSeffgPS
KKK
KTTTT
φφφφφφ
φφφφ
−++−++−
−++−+=
,
 
[6.4.] 
which allows determining the “self-concentration” value, which is the only 
unknown parameter. As can be seen in Figure 6.3. this approach allows a good 
description of the concentration dependence of the effective Tg
24.0=PSsφ
 of PS in the blends 
with a “self-concentration” of this PS component in the blend of . This 
value is very close to that obtained theoretically by Lodge and McLeish [2] being  
27.0=PSSφ . They considered the Kuhn length (lk) to determine the self-
concentrations, which were calculated as the volume fraction occupied by a Kuhn 
length’s segment inside a cube of size lk
2
. Therefore, our result shows that the 
volume relevant for the glass-transition of PS is close to that assumed in the Lodge 
and McLeish approach [ ]. However, Ediger et al. [3
5.0=PSSφ
] by means of Nuclear 
Magnetic Resonance (NMR) obtained a much larger value (of approximately) 
 for the self-concentration of the PS in the same system. This difference 
could be associated to the experimental method used, since with NMR they probed 
the PS dynamics at high temperatures far from Tg. If one considers that the size of 
the relevant volume decreases with temperature values for the self-concentrations 
higher than at Tg
24.0=PSsφ
 should be expected. Now, comparing with other similar polymers, 
this value of  obtained by us is very close to that found for the PoClS 
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(polyorthochlorostyrene) in blends of PoClS/PVME whose components present very 
different Tg’s PoClS having the larger Tg
22.0=PoClSsφ
 and being structurally comparable with 
PS. In that case Zacharius et al. obtained a value of [4
 
].  
Figure 6.3. Calorimetric glass transition of the PSCNPS 2k and PVME homopolymers and their 
corresponding blends as a function of the PS composition fitted with the Brekner model. Effective 
glass transition of the PS component as a function of the PS composition fitted with the Lodge and 
Mc-Leish model. 
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 does not characterize completely the component dynamics in the 
blends. From simple inspection of Figure 6.3., it is evident that the curvature 
determining the temperature dependence varies significantly from the homopolymer 
case (PSCNPS 2k) to the three different blends with decreasing the content of PS in 
the blend. A common way to characterize this feature is by means of the so-called 
fragility index (m) introduced in Section 2.1.2. The fragility index (m) can be 
determined from the VFT parameters used to describe the experimental data as: 
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 ( )
2
0TT
TB
m
g
g
−
⋅
=                                                                                                      [6.5.] 
 
The obtained fragility indexes are given in Table 6.1. 
It can be clearly observed a strong variation of the fragility index (m) decreasing 
dramatically from the homopolymer case (PSCNPS 2k) to the blend having the 
same proportion of PS and PVME. However, from this later to the blend richer in 
the fast component (PVME) it seems that the fragility index (m) does not change 
significantly and subsequently there is as kind of compensation in the variation of B 
and T0. As the fragility index refers to the temperature dependence of glass-forming 
systems near Tg, the differences in fragility become evident by plotting the 
characteristic relaxation time (τ*) as a function of Tg/T (see Figure 6.4.). Here, it is 
clear that the major differences in the temperature dependence respect to the 
homopolymer occur near Tg
 
 but all the set of data show a more similar slope in the 
high temperature range. 
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Figure 6.4.  Segmental relaxation times (τ*) of the PSCNPS 2k homopolymer and the PSCN 
component dynamics in the corresponding blends as a function of Tg
 
/T as a well-description of the 
fragility. 
 
PVME dynamics in the blend
 
: 
Now focusing on the dynamics of the PVME component in the blend, a similar 
procedure to that followed for the PSCN component was used. Figure 6.5. shows the 
temperature dependence of the PVME characteristic relaxation times (τ*) fitted with 
a Vogel-Fulcher-Tamman equation [2.1.2.1.20.]. This will allow to determine the 
“effective” Tg
However, it should be stress that for the particular case of the PVME component of 
the blend having a 75/25 composition richer in PS, the bimodal character of the 
dielectric relaxation process (which will be discussed below) prevents using any of 
’s of the PVME in the corresponding blends and the fragility index.  
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the two resolved peak positions to characterize properly the average PVME time 
scale. Instead in Figure 6.5. we have included the relaxation time data obtained from 
the frequency for which the whole loss peak is divided in two equal areas. This 
would correspond to the middle point in the ε’(ω) step, i.e. that would also be 
obtained form the loss peak position in the case of a single and symmetric dielectric 
relaxation process, as it is for example the case for the 50/50 blend sample. 
 
 
Figure 6.5. Comparison of the temperature dependence of the characteristic relaxation time (τ*) for 
the homopolymer of lower Tg
 
 forming the blend (PVME) and the various PVME component 
dynamics of the different blend compositions (25/75, 50/50 and 75/25). 
The parameters corresponding to the VFT fits together with the effective Tg values 
and fragility indexes (m) are shown in Table 6.2. Again, in the fitting procedure for 
the blends data, the pre-exponential factor τVFT
240 260 280 300 320 340 360 380
-9
-8
-7
-6
-5
-4
-3
-2
-1
0
1
2
3
Tgeff
 
 
 PVME
 PVME blend 25/75
 PVME blend 50/50
 PVME blend 75/25
lo
gτ
∗ 
[s
]
T [K]
TgeffTgeff Tgeff
 was fixed to that obtained from pure 
PVME. 
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Code τVFT B  [s] T T0 geff m  [K] 
PVME 1.58E-13 1504 200.6 248 166 
PVME blend 25/75 1.58E-13 1492 207.2 254.1 172 
PVME blend 50/50 1.58E-13 1514 213.1 260.8 174 
PVME blend 75/25 1.58E-13 1257 235.3 274.8 220.73 
 
Table 6.2. Parameters obtained from the Vogel-Fulcher-Tamman fits of the main α–relaxation time 
of the above PVME component dynamics. It should be noted that for the fitting the VFT 
characteristic relaxation time (τVFT) was fixed using the value obtained for the PVME homopolymer. 
The calculated “effective” Tg
 
’s and the “m” fragility indexes are also included. 
By following the same approach as for PS component the “self-concentration” of 
the PVME component in the blend has been calculated. Then, by considering now 
the effective concentration of PVME, ( ) ( )PSPVMEsPVMEsPVMEeff φφφφ −−+= 11  , the 
effective PS concentration around a PVME segment is ( ) PSPVMEsPVMEeff φφφ −=− 11  , 
and therefore, the equation describing the data now is: 
( ) ( ) ( ) ( )[ ]
( ) ( )[ ] ( )[ ] }
{
3
2
2
21
1
11
11
PVME
sPS
PVME
sPS
PVME
sPSgPVMEgPSgPVMEPSgPVMEeff
KKK
KTTTT
φφφφ
φφφ
−+−+−
−+−+=
 
 [6.6.] 
 
where PVMESφ  is the “self-concentration” of the PVME component in the blend. 
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Figure 6.6. Calorimetric glass transition of the PSCNPS 2k and PVME homopolymers and their 
corresponding blends as a function of the PS composition fitted with the Brekner model. Effective 
glass transition of the PVME component as a function of the PS composition fitted with the Lodge 
and Mc-Leish model. 
 
From the fitting of the “effective” Tg (TgeffPVME) as a function of the content of PS 
(φPS
27.0=PVMESφ
) in the blend it was found that the “self-concentration” of the PVME 
component in the blend was , comparable but higher than that obtained 
in previous investigations [1] on a blend with conventional PS of higher molecular 
weight where 25.0=PVMESφ  was found. Comparing the value obtained by us for the 
self-concentration of PVME with that obtained theoretically by Lodge and McLeish 
[2], where a value of 25.0=PVMESφ  is given, we can see that both values are close 
although this latter is slightly smaller. It is worthy of remark that in the previous 
investigations the effective Tg
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 values of PVME were obtained by a different 
dielectric technique, namely Thermally Stimulated Depolarization Current. This 
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technique works on a continuous heating (as DSC) and detects when a frozen 
oriented dipoles system is able to recover the random orientation characteristic of 
the equilibrium situation, which defines Tg. Therefore, in this latter case the relevant 
volume is that at Tg whereas for the PVME results obtained in the present work we 
extrapolated higher temperature data to obtain the effective Tg
 
, and in this way the 
relevant volume would be slightly smaller. 
Concerning fragility, the fragility index “m” was determined as for the case of the 
PSCN component in the blend by means of equation [6.5.], the resulting values 
being included in Table 6.2. The values obtained are all close, which would be 
indicative of similar temperature dependence irrespective of the concentration 
except for the PVME in the blend having the lowest concentration of PVME 
(PVME blend 75/25). This is further evident by representing the characteristic 
relaxation time (τ*) as a function of Tg
 
/T: 
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Figure 6.7. Segmental relaxation times (τ*) of the PVME homopolymer and the PVME component 
dynamics in the corresponding blends as a function of Tg
 
/T as a well-description of the fragility. 
This result is in good agreement with the earlier observation made for blends with 
content of PS lower than 50% weight [5] where it was found that the characteristic 
time of PVME in the blends can be described by the same VFT parameters as pure 
PVME except the T0 value, a result that has been also reported for other systems 
investigated by NMR [6, 7 , 8
 
]. 
 
Effect of the PS dynamics on the PVME behavior
 
: 
The dielectric experiments on PVME/PS blends rich on PS evidenced (here and in 
previous results [9, 10, 11, 12, 13
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] ) a non-conventional behavior, where the main 
dielectric relaxation peak frequency changes with temperature in such a way that 
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whereas at high temperatures follows an usual VFT-like dependence, it crosses over 
to an Arrhenius-like behavior on cooling. Similar experimental facts have 
afterwards been observed by different techniques for the low Tg component of 
blends richer in the other component with a much higher Tg
Moreover, the combination of BDS and the well-defined PS functionalization, 
which allow detecting PS response in PS/PVME blends as it has been previously 
commented, as well as the 75/25 asymmetric composition richer in PS enable us to 
detect the bimodal character of the PVME dielectric relaxation process in this 
particular blend and characterize this slow PVME mode. 
. 
On the other hand, SANS measurements were performed in order to check that 
miscibility was not affected when functionalized PS were used to investigate the 
dynamics of PS/PVME blends instead of using a conventional PS. In fact, looking at 
the dielectric results it can be observed that both protonated and deuterated 
PS/PVME blends perfectly compare. However, the SANS measurements were 
extended towards the low temperature regime where the BDS results evidence a 
crossover to the Arrhenius-type temperature dependence. 
Figure 6.8. summarizes the main results obtained from DSC, BDS and SANS for 
this 75/25 particular composition. 
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Figure 6.8. (a)  Heat capacity derivative (dCp/dTnorm) as a function of the temperature for both the 
protonated and the deuterated –CN functionalized PS/PVME blends, PSCNPS2k / PVME 75/25 and 
dPSCNPS2k / PVME 75/25, respectively.  TSDC spectra obtained for both the –H and the –CN 
functionalized PS/PVME blends, PSHPS2k / PVME 75/25 and PSCNPS2k / PVME 75/25, 
respectively. (b) Comparison between the characteristic relaxation times (τ*) of the pure components 
forming the protonated and the deuterated blend (PSCNPS2k , dPSCNPS2k and PVME) and their 
corresponding PSCN and PVME contributions in the blend. (c) The temperature dependence of the 
dielectric strength (∆ε) for the PVME component in the protonated blend. (d) Temperature 
dependence of the intensity of the Ornstein-Zernike (OZ) function (IOZ) and the characteristic 
screening length or mesh size (ξOZ
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As seen, in Figure 6.8.a) we have included the results obtained by Thermally 
Stimulated Depolarization Current (TSDC) for the –H and the –CN functionalized 
PS/PVME blends. This technique, which can be considered as a dielectric sensitive 
equivalent of DSC, has the advantage of directly determining the Tg sensed by the 
dielectrically active segments present in the blend, i. e. the dipoles that become 
mobile enough to randomize, represented as a peak that indicates the effective Tg 
(Tgeff
Before entering into details in Figure 6.8. it should be emphasized that the blends 
employed for this study were dynamically asymmetric, i.e. there is a difference in 
mobility, very different T
) as seen in Figure 6.8.a). In particular, the two TSDC curves evidenced how 
the dipoles of the –H and the –CN functionalized PS/PVME blends reach the 
equilibrium. 
g
AB
B
AB
A
τ
τ=∆
’s, between the two components forming the blends, a 
slow component (PS) and a fast component (PVME). The dynamic asymmetry can 
be defined as  , where A and B in this case would refer to PS and 
PVME, respectively. It should be noted also that it dramatically changes with 
temperature being high at low temperatures.   
Looking at Figure 6.8. it is evident that we can distinguish three temperature 
regimes. The high temperature regime is characterized by exhibiting a conventional 
behavior. This is reflected in SANS results where the intensity of the Ornstein-
Zernike (OZ) function (IOZ) and the characteristic length (ξOZ) slightly vary with 
temperature as expected (see Figure 6.8.d)). From BDS (see Figure 6.8. b) and c)) it 
can be observed a different dynamical behavior between PS and PVME components 
in the blend reflecting very different segmental mobilities due to their very different 
effective Tg’s. In this high temperature regime, where the dynamic asymmetry is 
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very small and in particular above the Tg
Nevertheless, as temperature decreases the dynamic asymmetry drastically 
increases. Concerning the PS component in the blend it can be observed that it is 
getting more and more frozen with decreasing temperature until it approaches the 
glass transition where the effective T
 of the slowest component in the blend 
(PS), both components are in the super-cooled liquid state. In this region the fast 
PVME segments do not restrict the PS motions, and the PS component in the blend 
is in a situation close to that of the metastable equilibrium of the super-cooled 
liquid. 
g for the PS component in the blend (TgeffPS) 
can be defined, which corresponds well with the calorimetric peak and the 
maximum of the TSDC curve from the –CN functionalized PS/PVME blend 
(PSCNPS2k / PVME 75/25). On the contrary, the dynamic behavior found for the 
PVME component in the blend is really different from that of the PS component. In 
fact, for the PVME component it is shown that whereas at the high temperature 
regime the dynamics can be well described by a VFT law and there is a single 
dominant dielectric mode, as temperature decreases there is an evident change in the 
behavior and the main dynamics tends to obey an Arrhenius-type behavior, which 
was first noticed by Sy and Mijovic in poly(vinylidene fluoride)/ poly(methyl 
methacrylate) blends [14]. This behavior was also found on poly(ethylene oxide)/ 
poly(methyl methacrylate) (PEO/PMMA) blends by means of Quasielastic Neutron 
Scattering experiments and molecular-dynamics simulations [15]. Such change of 
the dynamics found over the temperature range investigated implies a clear 
crossover than can be detected at a temperature of the order of 280K and at the same 
time coincides with the temperature range over which the broad calorimetric Tg 
extends as it is clearly indicated by the yellow region. It should be noted that along 
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this temperature range where the crossover takes place, the inverse of the intensity 
of the Ornstein-Zernike (OZ) function (IOZ) starts getting constant, which can be 
interpreted as the formation of some kind of gel-like structure due to the freezing of 
the concentration fluctuations in the blend. Taking into account this assumption, it 
can be understood why the temperature where the freezing of concentration 
fluctuations occurs is lower than the calorimetric Tg of the blend. It can be 
interpreted in the sense that the PVME chains still move even below this 
calorimetric Tg, which would be based on the dynamical decoupling. Therefore, it 
would explain why both the concentration fluctuations and the scattering intensity 
change even below the calorimetric Tg. Hence, it can be said that at low 
temperatures, below the effective Tg of the PVME (TgeffPVME), the PVME segments 
(most of them in the case of blends with a high PS concentration) move within some 
kind of frozen network imposed by the PS component. This movement of the 
PVME can take place because despite PVME molecules are trapped by the frozen 
PS surrounding, the PVME dipoles can still move locally in the regions richer in 
PVME although their movements are not able to maintain the equilibrium. 
Moreover, the crossover is detected also in the decrease found for the dielectric 
strength (∆ε) of the main PVME contribution in the blend where the inflection point 
occurs around the effective Tg of the PVME in the blend (see Figure 6.8.c)). It fits 
well with the peak detected by TSDC on the –H functionalized PS/PVME blend 
(PSHPS2k / PVME 75/25) for the PVME component in this blend (TgeffPVME) (see 
Figure 6.8.a)) and also with the extrapolation used before to define the effective Tg 
for this composition. In the low temperature limit, the dielectric strength (∆ε) takes a 
value that represents 30% of the total value reached at the high temperature regime. 
This 30% indicates that this anomalous dynamical behavior is not an usual 
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secondary relaxation as it could be interpreted by the Arrhenius trend found for the 
PVME component in the blend at very low temperatures, but a relevant relaxation 
process involving important molecular reorientations. In fact, in this temperature 
region the dynamics of the PVME is found to be confined and thus consists of 
localized motions with low degree of cooperativity. Furthermore, in this low 
temperature regime when comparing the dynamics of the pure PVME and the 
PVME component in the blend it can be clearly seen that the PVME local motions 
in the blend can be ever faster than in the pure PVME. This phenomenon, which 
was attributed in the past to the lack of packing in the blend involving regions with a 
higher free-volume than in the pure PVME [5], can be explained by the above 
mentioned nonequilibrium effects [8, 11]. 
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7. Conclusions  
 
This work has shown that a well-defined polystyrene functionalization where a 
functional group (X: H, CN) is placed either at the end or in the middle of the chain 
in a controlled way offers the possibility of studying molecular dynamics 
selectively. In this way, we have evidenced the dependence on the chain site of the 
segmental polymer dynamics. In addition, it has allowed us using the dielectric 
spectroscopy technique to resolve in detail the dynamics of the two components in a 
miscible polymer blend. 
 
The above experimental results clearly show that the functionalization of 
polystyrene with  -H and –CN groups, the latter having a strong dipole moment, 
does not affect the overall behavior reflecting thermal and mechanical responses 
similar to those observed for conventional polystyrene. In particular, it was observed 
that the polymers exhibit a nearly identical Tg and viscosity for each pair of –H/-CN 
functionalized polystyrenes. Moreover, this fact was confirmed for two different 
molecular weights (2k and 4k) and functionalization sites (chain-end and in-chain). 
Contrary, dielectric relaxation experiments gives rise to distinct results due to the 
strong dipole moment of the –CN group. Thus, when using this technique, the signal 
from the –CN functionalized polymer highlights the motions in the surrounding of 
this molecular group, the –H functionalized polystyrene being the reference as it 
would reflect the overall properties. 
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Concerning the local dynamical processes present in these functionalized 
polystyrenes, it was found that both molecular weight and functionalization-site 
played an important role in the local molecular motions of the functional group. The 
local dynamics is faster for the polymers with higher molecular weights (4k) and 
also for end-functionalized PS the motions of the –CN group are faster than for 
middle-chain counterpart. 
 
On the other hand, the segmental dynamics, which was analyzed in much more 
detail than the secondary relaxation dynamics, presented some contributions 
sensitive to functionalization site (site-dependent segmental dynamics). In the case 
of the chain-end functionalized polymers, at the high temperature regime it was 
observed an evident faster than average dynamics of the end segments, while 
approaching Tg the chain-end fluctuations started reflecting more the overall 
dynamics. Nevertheless, the situation differed for the case of the in-chain 
functionalized polymers, since at high temperatures the dynamics of the middle-
chain fluctuations appeared to be very similar to that of the overall dynamics 
although at the lowest temperatures, close to Tg, the middle-chain segments seemed 
to reflect an appreciable slower than average dynamics. The fact that the chain-end 
segments reflect the overall dynamics close to Tg has been associated with growing 
regions where cooperative motions involves many types of segments including the 
chain-end segments. This can also explain the slower than average dynamical 
behavior obtained for the in-chain segments due to the lower probability of finding 
chain-ends around, even at Tg.  
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The fact that the dynamics of polystyrene seem to be not modified by the 
introduction of a –CN group in the middle of the chain make these in-chain 
functionalized PS in combination with dielectric spectroscopy an ideal tool to 
investigate PS/PVME blends dynamics and resolve not only PVME dynamics, 
which has already been extensively studied, but also PS dynamics. The PS dynamics 
is detected in the dielectric spectroscopy experiments due to the strong dipole 
moment introduced by the –CN group. Furthermore, the corresponding blend with 
the –H functionalized PS highlights the PVME dynamical features. From this 
comparison the individual contributions have been extracted. Moreover, as it was 
checked that the functionalization of the PS did not affect significantly the 
miscibility of the PS/PVME system, note that only a functional group per chain is 
added, the obtained results are also attributed to conventional PVME/PS blends. 
As the used approach consist in the addition of a unique functional group per PS 
chain the analysis of the blends richer in PS are more detailed. At lower PS 
concentrations the uncertainties clearly increase. The calorimetric Tg’s and the 
effective Tg’s, determined by DSC and BDS, respectively, allowed obtaining the 
self-concentration for each of the components in the blend. By the Lodge-McLeish 
model the self-concentration for the PS and PVME were found to be 24.0=PSSφ  and 
27.0=PVMEsφ . For the blends having a lower concentration of PS (PS/PVME 25/75 
and 50/50) a rather conventional behavior was detected for the component dynamics 
where the relaxation time of both components in the blend follow a Vogel-Fulcher-
Tamman (VFT) law behavior. On the other hand, for the blend richer in PS 
(PS/PVME 75/25) functionalization enables performing the detailed analysis of both 
PS and PVME components of the blend, and in this way it was possible to probe in 
a non-ambiguous way the bimodal character of the PVME dynamics. It should be 
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remarked that this bimodal character changes with temperature and two different 
dynamical behaviors can be distinguished. On one hand, at the high temperature 
regime a unimodal and conventional character of the PVME dynamics is observed, 
which reflects in a VFT trend for the characteristic relaxation time (τ*) and a 
dielectric strength (∆ε) that increases with temperature. However, as the 
characteristic time (τ*) of the PS component dynamics approaches 10 s, the PVME 
dynamics starts exhibiting the bimodal character. In this regime, we resolved a 
distinct slow and dielectrically weak mode that follows the conventional VFT 
behavior and grows in intensity, being always minority, as temperature decreases. In 
addition, by decreasing temperature the time scale (τ*) of the fast main mode depict 
a crossover from the conventional VFT behavior towards a non-conventional 
Arrhenius behavior that takes place once the relaxation time (τ*) of the slow mode 
approaches 10 s. Furthermore, in the temperature range where such crossover takes 
place, a step decreasing of the dielectric strength (∆ε) is detected to a low 
temperature limiting value representing 30% of the total value found for the 
dielectric strength (∆ε) at the high temperature regime. These anomalies observed 
for the dynamics of the PVME component in the blend can be associated with the 
confinement of the PVME segments within a majority frozen PS network. SANS 
measurements were performed to confirm that a freezing of the concentration 
fluctuations at this low temperature range occurs as would be expected under this 
interpretation. 
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The combination of well-defined functionalized polymers and 
BDS has allowed us studying the behavior of a polymer when a 
functional group (H, CN) is added at the end or in the middle of 
the chain. The results evidence clear differences in the dynamics 
depending on the position of the functional group, being faster 
and more heterogeneous when the functional group is located at 
the chain-end (PS-CN), and very similar to the reference (-H) 
when the functional group is placed in the middle of the chain 
(PS-CN-PS). This latter result has enabled us resolving the two 
component dynamics in the PS/PVME miscible blends by 
dielectric relaxation techniques. This required a combined 
analysis of the dielectric spectra of PS-CN-PS/PVME and PS-H-
PS/PVME blends. In this way we also analyzed for the first time 
the concentration dependence of the effective Tg of both 
components. The results obtained agree well with those 
expected on the basis of the Self-Concentration as calculated 
from the Kuhn length of the components. Furthermore, the 
present results allowed us to demonstrate unambiguously the 
bimodal character of the PVME component in PS rich blends. A 
detailed analysis evidences that both modes are relevant in 
determining the effective glass transition of the PVME 
component.  
SUMMARY 
